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Management of the Patient with Cancer 


The optimal care of patients with malignant tumors is a multidisciplinary effort that combines the 
classic modalities, surgery, radiation therapy, and chemotherapy. 


e The role of the radiation oncologist is to assess all conditions relative to the patient and 
tumor, systematically review the need for diagnostic and staging procedures, and, in 
consultation with other oncologists, determine the best therapeutic strategy. 

e Radiation oncology is the clinical and scientific discipline devoted to management of 
patients with cancer (and other diseases) with ionizing radiation (alone or combined with 
other modalities), investigation of the biologic and physical basis of radiation therapy, and 
training of professionals in the field. 

e The aim of radiation therapy is to deliver a precisely measured dose of irradiation to a 
defined tumor volume with minimal damage to surrounding healthy tissue. This results in 
eradication of tumor, high quality of life, and prolongation of survival at competitive cost, 
and allows for effective palliation or prevention of symptoms of cancer, including pain, 
restoring luminal patency, skeletal integrity, and organ function, with minimal morbidity. 


Process of Radiation Therapy 
The goal of therapy should be defined at the onset of therapeutic intervention: 


e Curative: There is a probability of long-term survival after adequate therapy; some side 
effects of therapy, although undesirable, may be acceptable. 

e Palliative: There is no hope of survival for extended periods. Symptoms producing 
discomfort or an impending condition that may impair comfort or self-sufficiency require 
treatment. No major iatrogenic conditions should be seen. Relatively high doses of 
irradiation (sometimes 75% to 80% of curative dose) are required to control the tumor for 


the survival period of the patient. 


Basis for Prescription of Irradiation 


Evaluation of tumor extent (staging), including diagnostic studies. 

Knowledge of pathologic characteristics of the disease. 

Definition of goal of therapy (cure or palliation). 

Selection of appropriate treatment modalities (irradiation alone or combined with surgery, 
chemotherapy, or both). 

Determination of optimal dose of irradiation and volume to be treated, according to 
anatomic location, histologic type, stage, potential regional nodal involvement (and other 
tumor characteristics), and normal structures in the region. 

Evaluation of patient's general condition, plus periodic assessment of tolerance to 
treatment, tumor response, and status of normal tissues treated. 

Radiation oncologist must work closely with physics, treatment planning, and dosimetry 
staffs to ensure greatest accuracy, practicality, and cost benefit in design of treatment 
plans. 

Ultimate responsibility for treatment decisions, technical execution of therapy, and 
consequences of therapy always rests with the radiation oncologist. 


Irradiation Treatment Planning 


Different irradiation doses are required for given probabilities of tumor control, depending 
on tumor type and the initial number of clonogenic cells present. Varying radiation doses 
can be delivered to specific portions of the tumor (periphery versus central portion) or to 
the tumor bed in cases in which all gross tumor has been surgically removed (2). 
International Commission on Radiation Units and Measurements Reports Nos. 50 and 62 
define the following treatment planning volumes (8,9): 

Gross tumor volume (GTV): All known gross disease, including abnormally enlarged 
regional lymph nodes. To determine GTV, appropriate computed tomography (CT) window 
and level settings that give the maximum dimension of what is considered potential gross 
disease must be used. 

Clinical target volume (CTV): Encompasses GTV plus regions considered to harbor 
potential microscopic disease. 

Planning target volume (PTV): Provides margin around CTV to allow for internal target 
motion, other anatomic motion during treatment (e.g., respiration), and variations in 
treatment setup. Does not account for treatment machine beam characteristics. 
Treatment portals must adequately cover all treatment volumes plus a margin to account 
for beam physical characteristics, such as penumbra (Fig. 1-1). 

Simulation is used to accurately identify target volumes and sensitive structures, and to 
document configuration of portals and target volume to be irradiated. 

Treatment aids (e.g., shielding blocks, molds, masks, immobilization devices, 
compensators) are extremely important in treatment planning and delivery of optimal dose 
distribution. Repositioning and immobilization devices are critical because the only 
effective irradiation is that which strikes the clonogenic tumor cells. 

Simpler treatment techniques that yield an acceptable dose distribution are preferred over 
more costly and complex ones, which may have a greater margin of error in day-to-day 
treatment. 

Accuracy periodically is assessed with portal (localization) films or on-line (electronic 
portal) imaging verification devices. Portal localization errors may be systematic or may 
occur at random. 
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Fig. 1-1: Schematic representation of "volumes" in radiation therapy. The treatment portal 
volume includes tumor volume, potential areas of local and regional microscopic disease 
around tumor, and a margin of surrounding normal tissue. A shows gross volume, B shows 
clinical volume, C shows planning target volume, and D shows treatment portal volume. 
(Modified from Perez CA, Brady LW, Roti Roti JL. Overview. In: Perez CA, Brady LW, eds. 
Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 
1998:1—78, with permission.) 


Three-Dimensional Treatment Planning 


e CT simulation allows more accurate definition of target volume and anatomy of critical 
normal structures, three-dimensional (3-D) treatment planning to optimize dose 
distribution, and radiographic verification of volume treated (14,16). 

e Advances in computer technology have augmented accurate and timely computation, 
display of 3-D radiation dose distributions, and dose-volume histograms that yield relevant 
information for evaluation of tumor extent, definition of target volume, delineation of normal 
tissues, virtual simulation of therapy, generation of digitally reconstructed radiographs, 
design of treatment portals and aids, calculation of 3-D dose distributions and dose 
optimization, and critical evaluation of the treatment plan (22). 

e Dose-volume histograms are useful in assessing several treatment plan dose distributions 
and provide a complete summary of the entire 3-D dose matrix, showing the amount of 
target volume or critical structure receiving more than the specified dose. They do not 
provide spatial dose information and cannot replace other methods of dose display. 

e 3-D treatment planning systems play an important role in treatment verification. Digitally 
reconstructed radiographs based on sequential CT slice data generate a simulation film 
that can be used in portal localization and for comparison with the treatment portal film for 
verifying treatment geometry. 

e Increased sophistication in treatment planning requires parallel precision in patient 
repositioning and immobilization, as well as in portal verification techniques (19). Several 
real-time, on-line verification systems allow monitoring of the position of the area to be 
treated during radiation exposure. 

e Computer-aided integration of data generated by 3-D radiation treatment planning with 
parameters used on the treatment machine, including gantry and couch position, may 
decrease localization errors and enhance the precision and efficiency of irradiation. 


Intensity-Modulated Radiation Therapy 


Intensity-modulated radiation therapy (IMRT), a new approach to 3-D treatment planning 
and conformal therapy, optimizes delivery of irradiation to irregularly shaped volumes 
through complex forward or inverse treatment planning and dynamic delivery of irradiation 
that results in modulated fluence of multiple photon beam profiles. 

Inverse planning starts with an ideal dose distribution and finds, through trial and error or 
multiple iterations (simulated annealing), the beam characteristics (fluence profiles). It then 
produces the best approximation to the ideal dose defined in a 3-D array of dose voxels 
organized in a stack of two-dimensional arrays. 

Carol et al. (4) described a novel approach to external irradiation with modulated photon 
beams delivered with a small, dynamic multileaf collimator (MLC) (MIMiC) activated by a 
preprogrammed controller designed to deliver specific doses to irregularly shaped volumes 
(Peacock, NOMOS Corp.; Sewickley, PA). 

A removable invasive stereotactic fixation device has been designed for intracranial and 
head and neck tumors. The system also uses standard noninvasive immobilization devices 
(e.g., thermoplastic mask). 

Other approaches to achieve IMRT include the following: 


The step-and-shoot method, with a linear accelerator and multileaf collimation, uses a 
variety of portals at various angles; the MLC determines photon-modulated fluency and 
portal shape. 

Dynamic computer-controlled IMRT is delivered when the configuration of the portals with 
the MLC changes at the same time that the gantry or accelerator changes positions 
around the patient. 

In helical tomotherapy, a photon fan beam continually rotates around the patient as the 
couch transports the patient longitudinally through a ring gantry (10). The ring gantry 
enables verification processes for helical tomotherapy; the geometry of a CT scanner 
allows tomographic processes to be reliably performed. Dose reconstruction is a key 
process of tomography; the treatment detector sinogram computes the actual dose 
deposited in the patient. Like the NOMOS MIMiC MLC, the lengths of the MLC in helical 
tomotherapy are temporarily modulated or binary because they are rapidly driven either in 
or out by air system actuators rather than by beams slowly pushed by motors driving lead 
screws, as in the conventional MCL. 

The robotic arm IMRT system (Cyberknife) consists of a miniaturized 6-MV photon linear 
accelerator mounted on a highly mobile arm and a set of ceiling-mounted x-ray cameras to 
provide near real-time information on patient position and target exposure during 
treatment. 


The majority of IMRT systems use 6-MV x-rays, but energies of 8 to 10 MV may be more 
desirable in some anatomic sites to decrease skin and superficial subcutaneous tissue 
dose. 


Normal Tissue Effects 


lonizing radiations induce various changes in normal tissues, depending on the closely 
interrelated factors of total dose, fractionation schedule (daily dose and time), and volume 
treated (Fig. 1-2). For many normal tissues, the necessary dose to produce a particular 
sequela increases as the irradiated volume of the organ decreases. 

Higher tolerance doses than initially reported have been observed in some organs, 
stressing the importance of updating information in light of more precise treatment 
planning and delivery of irradiation and more accurate evaluation and recording of 
sequelae (5). Tolerance curves for multiple organs have been developed (3). 

The minimal tolerance dose is TDs, which is the dose of radiation that could cause no 
more than a 5% severe complication rate within 5 years after treatment. 

An acceptable complication rate for moderate to severe injury is 5% to 15% in most 
curative clinical situations. 

Less clinically significant sequelae occur in 20% to 25% of patients, depending on 


irradiation dose and organs at risk. 

e Chronologically, the effects of irradiation are acute (first 6 months), subacute (second 6 
months), or late (depending on when observed). The gross manifestations depend on the 
kinetic properties of the cells (e.g., slow or rapid renewal) and the dose given. No 
correlation has been established between the incidence and severity of acute reactions 
and the same parameters for late effects, possibly due to the difference in the slopes of 
cell survival curves for acute or late effects (7). 

e Depending on their cellular architecture, organs are classified as either serial (e.g., the 
spinal cord), in which injury of a segment results in a functional deficit of the distal organ, 
or parallel (e.g., lung, kidney), in which injury of a segment is compensated by function of 
unaffected adjacent segments. 

e Combining irradiation with surgery or cytotoxic agents frequently modifies the tolerance of 
normal tissues to a given dose of irradiation, possibly requiring adjustments in treatment 
planning and dose prescription. 

e Radioprotectors, such as amifostine, enhance the tolerance of normal tissues to a given 
dose of irradiation, decreasing treatment morbidity (i.e., xerostomia in patients irradiated 
for head and neck cancer or pneumonitis in patients with lung or esophageal cancer). 
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Fig. 1-2: Basic dosimetric parameters that determine normal tissue effects in radiation 
therapy. (From Perez CA, Brady LW, Roti Roti JL. Overview. In: Perez CA, Brady LW, eds. 
Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 
1998:1—78, with permission.) 
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e Anoptimal irradiation dose will produce maximal probability of tumor control with minimal 
(reasonably acceptable) frequency of complications (Sequelae of therapy). 
e The further the two curves diverge, the more favorable the therapeutic ratio. 


Dose-Time Factors 


e Fractionation of irradiation spares acute reactions because of compensatory proliferation in 
the epithelium of the skin or mucosa, which accelerates at 2 to 3 weeks after initiation of 
therapy. 

e Aprolonged course of therapy with small daily fractions decreases early acute reactions 
but does not protect against serious late damage to normal tissue. In addition, it may allow 
the growth of rapidly proliferating tumors and may be inconvenient for the patient, as well 
as uneconomical. 

e Short overall treatment courses are required for tumors with low a to B ratios or fast 
proliferation. For median potential doubling times of 5 days and intermediate 
radiosensitivity, overall treatment courses of 2.5 to 4.0 weeks are optimal. More slowly 
proliferating tumors can be treated with longer overall courses. 

e Five fractions per week are preferable to three fractions, because there is less log cell 
killing with the latter schedule (approximately one log for all, except 1 or 2 weeks' overall 
time). 


Prolongation of Overall Treatment Time, Tumor Control, and Morbidity 


e The total irradiation dose required to produce a given probability of tumor control must be 
increased when fractionation is prolonged beyond 4 weeks because of repopulation of 
surviving cells. Withers et al. (23) estimated that the dose of irradiation is to be increased 
by 0.6 Gy for every day of interruption of treatment. Taylor et al. (20) estimated the 
increment, in isoeffect dose per day, to be larger than 1 Gy in squamous cell carcinoma of 
head and neck. 

e The impact of overall time may be modified by split course when the daily fractions of 
irradiation are higher than conventional (2.5- to 3.0-Gy tumor dose for ten fractions, 2 or 3 
weeks' rest, and a second course similar to the first one for a total of 50 or 60 Gy). The 
Radiation Therapy Oncology Group reported no therapeutic advantage in studies of head 
and neck, uterine cervix, lung, or urinary bladder tumors; tumor control and survival were 
comparable to those with conventional fractionation (13). Late effects were slightly greater 
in the split-course groups. 

e Reports from the University of Florida of carcinoma of the head and neck, uterine cervix, 
and prostate treated with definitive irradiation doses, with conventional fractionation but 
with a rest period halfway through therapy, showed that some groups in the split-course 
regimen had lower tumor control and survival, probably as a result of the repopulation of 
clonogenic surviving cells in the tumor during the rest period (11,12). 


Linear-Quadratic Equation (a/B Ratio) 


Formulations of dose-survival models have been proposed to evaluate the biologic equivalence of 
various doses and fractionation schedules, based on a linear-quadratic survival curve: 


Log, S = aD+BD° 


in which a represents the linear (first-order-dose-dependent) component of cell killing, and ß 
represents the quadratic (second-order—dose-dependent) component of cell killing. B represents 
the more reparable (over a few hours) component of cell damage. The dose at which the two 
components of cell killing are equal is the a/B ratio. 


e The shape of the dose-survival curve with photons differs for acutely and slowly 
responding normal tissues (not observed with neutrons). 
e The severity of late effects changes more rapidly with variation in the size of dose per 


fraction when a total dose is selected to yield equivalent acute effects. With decreasing 
size of dose per fraction, the total dose required to achieve a certain isoeffect increases 
more for late-responding tissues than for acutely responding tissues. In hyperfractionated 
regimens, the tolerable dose is increased more for late effects than for acute effects. With 
large doses per fraction, the total dose required to achieve isoeffects in late-responding 
tissues is reduced more for late than for acute effects. 

Acutely reacting tissues have a high a/ß ratio (between 8 and 15 Gy), whereas tissues 
involved in late effects have a low a/B ratio (1 to 5 Gy). Values obtained in animal 
experiments and clinical studies have been summarized (21) (see Table 8-2). 

A biologically equivalent dose (BED) can be obtained using this formula: 


BED = nd[1+d/(a/B)| 


If one wishes to compare two treatment regimens (with some reservations), the following 
formula can be used: 


Dr_ @/B+dx 
Dx «a/B+tdr 


in which Dr = known total dose (reference dose), Dx = new total dose (with different 
fractionation schedule), dr = known fractionation (reference), and dx = new fractionation 
schedule. For example, suppose 50 Gy in 25 fractions is delivered to yield a given biologic 
effect. If one assumes that the subcutaneous tissue is the limiting parameter (late 
reaction), it is desirable to know what the total dose to be administered will be, using 4-Gy 
fractions. Assume a/B = 5 Gy. 


Using the above formula 


Thus 
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Combination of Therapeutic Modalities 
Preoperative Radiation Therapy 


e Rationale: Preoperative radiation therapy potentially eradicates subclinical or microscopic 
disease beyond the margins of surgical resection, diminishes tumor implantation by 
decreasing the number of viable cells within the operative field, sterilizes lymph node 
metastases outside the operative field, decreases potential for dissemination of clonogenic 
tumor cells that might produce distant metastases, and increases the possibility of 
resectability. 

e Disadvantage: Preoperative radiation therapy may interfere with normal healing of tissues 
affected by radiation, although this is minimal with irradiation doses below 45 to 50 Gy ina 
5-week period. 


Postoperative Irradiation 


e Rationale: Postoperative irradiation may eliminate residual tumor in the operative field by 
destroying subclinical foci of tumor cells after surgery. This is achieved through the 
eradication of adjacent subclinical foci of cancer (including lymph node metastases) and 
the delivery of higher doses than with preoperative irradiation; a greater dose is directed to 
the volume of high-risk or known residual disease. 

e Disadvantages: Delay in initiation of irradiation until wound healing is completed; vascular 
changes produced in tumor bed by surgery may impair radiation effect. 


Irradiation and Chemotherapy 


e Enhancement is any increase in effect on tumor or normal tissues greater than that 
observed with either modality alone. 

e Calculation of the presence of additivity, supraadditivity, or subadditivity is simple when 
dose response curves for irradiation and chemotherapy are linear. 

e Chemotherapeutic agents should be non-cross resistant; each agent should be 
quantitatively equivalent to the other. 

e Primary chemotherapy is used as part of definitive treatment of the primary lesion (even if 
followed later by other local therapy). 

e Adjuvant chemotherapy is used as an adjunct to other local modalities as part of initial 
curative treatment. 

e Neoadjuvant chemotherapy is used in initial treatment of patients with localized tumors 
before surgery or irradiation. 

e Use of chemotherapy before irradiation produces some cell killing and reduces the number 
of cells to be eliminated by the irradiation. Accelerated repopulation of surviving clonogenic 
tumor cells may decrease therapeutic effectiveness (23). 

e Use of chemotherapy during radiation therapy may interact with local treatment (additive or 
even supraadditive action) and affect distant subclinical disease (15). 


Integrated Multimodality Cancer Management 


e Combinations of two or even all three modalities frequently are used to improve tumor 
control and patient survival. Steel (18) postulated the biologic basis of cancer therapy as 
(a) spatial cooperation, in which an agent is active against tumor cells spatially missed by 
another agent; (b) antitumor effects by two or more agents; and (c) nonoverlapping toxicity 
and protection of normal tissues. 
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e Figure 1-3 illustrates the selective use of a therapeutic modality to achieve tumor control in 
each compartment: Large primary tumors or metastatic lymph nodes are treated with 
surgery or definitive radiation therapy; regional microextensions are treated with irradiation, 
without the anatomic and at times physiologic deficit produced by equivalent radical 
surgery; and disseminated subclinical disease is treated with chemotherapy (this modality 
also has local effect on some macroscopic tumors). 

e Organ preservation is vigorously promoted, as it enhances quality of life, improves 
survival, and provides excellent tumor control, as demonstrated in many tumors. 
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Fig. 1-3: Use of different treatment modalities to eliminate a given tumor cell burden. Large 
primary tumors or metastatic lymph nodes must be removed surgically or treated by 
radiation therapy. Regional microextensions are effectively eliminated by irradiation, and 
chemotherapy is applied mainly for subclinical disease, although it also has an effect on 
some larger tumors. (Modified from Perez CA, Marks JE, Powers WE. Preoperative 
irradiation in head and neck cancer. Semin Oncol 1977;4:387—397, with permission.) 


Quality Assurance 


e Acomprehensive quality assurance (QA) program is critical to ensure the best treatment 
for each patient and to establish and document all operating policies and procedures. 

e QA procedures in radiation therapy vary, depending on whether standard treatment or a 
clinical trial is carried out, and at single or multiple institutions. In multiinstitutional studies, 
it is important to provide all participants with clear instructions and standardized 
parameters in dosimetry procedures, treatment techniques, and treatment. 

e Reports of the Patterns of Care Study demonstrate a definite correlation between quality of 
radiation therapy delivered at various types of institutions and outcome of therapy (13). 
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Quality Assurance Committee 


e The director of the department appoints the committee, which meets regularly to review 
results of the review and audit process, physics QA program report, outcome studies, 
mortality and morbidity conference, cases of "misadministration" or error in delivery of 
greater than 10% of intended dose, and any chart in which an incident report is filed. 


Psychological, Emotional, and Somatic Support of Radiation Therapy 
Patient 


e Patients who have cancer are often bewildered by the diagnosis, frightened by an 
unknown environment, concerned with prognosis, and fearful of the procedures they must 
undergo. It is extremely important for the radiation oncologist and staff (e.g., nurse, social 
worker, radiation therapist, and receptionist) to be empathetic and to spend time with the 
patient discussing the nature of the tumor, the prognosis, the procedures to be performed, 
and possible side effects of therapy. 

e The radiation oncologist should discuss details of treatment with relatives (particularly of 
elderly and pediatric patients) as indicated, provided that this is acceptable to the patient. 

e Continued surveillance and support of the patient during therapy are mandatory, with at 
least one weekly evaluation by the radiation oncologist to assess the effects of treatment 
and side effects of therapy. Psychological and emotional reinforcement, medications, 
dietetic counseling, and oral cavity and skin care instructions are integral in the 
management of these patients. 
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Quality of Life Studies 


e Health-related quality of life is increasingly used as an outcome parameter in clinical trials, 
effectiveness research, and quality of care assessment. 

e Radiation oncologists must play a proactive role in improving tumor control and survival, 
decreasing morbidity, and identifying risk factors that may affect health status and quality 
of life. 


Ethical Considerations 


e The radiation oncology staff must acknowledge patient rights and responsibilities that 
directly influence quality of care and are conducive to establishing the most desirable 
relationship between patient and staff. 

e The patient has the following rights: 
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1. The right to be treated as a human being, with respect and consideration, regardless of 
race, sex, creed, or national origin. 

2. The right to feel secure with the health care program. The patient must be able to obtain 
complete, current information concerning individual diagnosis, treatment, and prognosis in 
understandable terms. 

3. The right to privacy. Discussion of the patient's condition is confidential, as are any 
consultations, examinations, or treatment records. Permission in writing is necessary, 
except as otherwise provided by law, before any information is released. 

4. The right to service. All patients have the right to expect that their requests for services will 
be fulfilled, within reasonable limits. 

5. The right to understand the cost of their treatment. |f financial problems arise, suitable 
arrangements can be made for payment. 

6. The right to be advised of education or research activities. Patients should know the 
identity and professional status of persons directly involved in their care and know which 
physicians are primarily responsible for their care. In teaching institutions, student, intern, 
or resident involvement in patient care should be explained to the patient. Patients will be 
advised if their participation as a subject in research activity is desired, but they have the 
right to refuse participation. The investigational review board's approval of the protocol and 
signed investigational consent forms are mandatory. 

7. The right to counseling on consequences of refusal of treatment. We routinely write a 
certified letter, receipt requested, to patients refusing treatment. 


Professional Liability and Risk Management 


e Because of increasing litigation and adversarial situations between physicians and 
patients, it is critical for the radiation oncologist and staff to make every effort to decrease 
professional liability risks. 

e Specific causes of medical malpractice suits include the following (17): 


1. Medical accident that may not be adequately understood by the patient or explained by the 
treating physician. 

2. Less-than-successful or unexpected adverse results of treatment. 

3. Poor results from previous treatment elsewhere and ill-advised comments by other 
physicians or health care personnel. 

4. Rejection of plan of therapy without appropriate documentation that the physician has 
advised the patient of the consequences of declining treatment. 

5. Complaint of experimentation when the patient has not been appropriately informed of the 
nature of the therapy program. 

6. Anangry patient who is looking for a way to vent anger or frustration about any events 
surrounding treatment, including lack of communication, discourteous treatment by the 
physician or staff, or cost of treatment. 


e The best prevention against a lawsuit is good rapport with patients and relatives, effective 
communication, and QA programs in all activities related to patient management, and clear 
and accurate records that include documentation of all procedures, discussions, and 
events that take place before, during, and after treatment. 

e The histologic diagnosis must be confirmed at the treating institution, including review of 
outside pathologic slides. 

e All procedures performed should be recorded in the chart, including details of daily 
treatments, such as use of special treatment aids (e.g., wedges, immobilization devices) 
and problems related to equipment operation. 

e All treatment parameters and calculations should be accurately recorded and verified by a 
physicist or dosimetrist, in addition to the radiation oncologist. 

e As professional liability attorneys say, "If it is not recorded on the chart, we may assume it 
never happened." 


Informed Consent 
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e The need to obtain informed consent for treatment is based on the patient's right to self- 
determination and the fiduciary relationship between the patient and physician. 

e The law requires that the treating physician adequately apprise every patient of the nature 
of the disease, recommended course of therapy and its details, treatment options, benefits 
of recommended treatment, and all minor and major risks (acute and late effects) 
associated with the recommended therapy. 

e If the plan of therapy is modified, it should be discussed carefully with the patient; if 
warranted, a second informed consent may be required. 

e It is advisable to discuss the informed consent contents in the presence of a witness and 
have that person sign the informed consent form (or the chart) to verify that the information 
was discussed with the patient. 

e The competent adult patient or a legal representative must agree to the treatment and give 
approval. For minors or legally incompetent adults, informed consent must be signed by 
parents, adult brothers or sisters, or a responsible near relative or legal guardian. In some 
states, spouses may be allowed to provide informed consent for incompetent adults. 
Emancipated minors may provide their own consent. 

e Table 1-1 describes sequelae to be included in the informed consent. 

e Recent court decisions place a greater burden on physicians to disclose statistical life 
expectancy information to critically ill patients as part of the informed consent (1). 


Table 1-1: Possible specific sequelae of therapy discussed in informed consent 


Anatomic site Acute sequelae Late sequelae 


Brain Earache, headache, dizziness, Hearing loss 
hair loss, erythema 


Damage to middle or inner ear 
Pituitary gland dysfunction 
Cataract formation 

Brain necrosis 


Head and neck ‘Odynophagia, dysphagia, Subcutaneous fibrosis, skin 
hoarseness, xerostomia, ulceration, necrosis 
dysgeusia, weight loss 


Thyroid dysfunction 


Persistent hoarseness, dysphonia, 
xerostomia, dysgeusia 


Cartilage necrosis 
Osteoradionecrosis of mandible 
Delayed wound healing, fistulae 
Dental decay 

Damage to middle and inner ear 
Apical pulmonary fibrosis 

Rare: myelopathy 


Lung and Odynophagia, dysphagia, Progressive fibrosis of lung, 
mediastinum or hoarseness, cough dyspnea, chronic cough 
esophagus 
Pneumonitis Esophageal stricture 
Carditis Rare: chronic pericarditis, 
myelopathy 
Breast or chest wall |Odynophagia, dysphagia, Fibrosis, retraction of breast 


hoarseness, cough 
Pneumonitis (asymptomatic) Lung fibrosis 
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Carditis Arm edema 


Cytopenia Chronic endocarditis, myocardial 
infarction 


Rare: osteonecrosis of ribs 


Abdomen or pelvis Nausea, vomiting Proctitis, sigmoiditis 
Abdominal pain, diarrhea Rectal or sigmoid stricture 
Urinary frequency, dysuria, Colonic perforation or obstruction 
nocturia 
Cytopenia Contracted bladder, urinary 
incontinence, hematuria (chronic 
cystitis) 


Vesicovaginal fistula 
Rectovaginal fistula 

Leg edema 

Scrotal edema, sexual impotency 
Vaginal retraction or scarring 
Sterilization 

Sexual impotence 

Damage to liver or kidneys 


Extremities Erythema, dry/moist Subcutaneous fibrosis 
desquamation 


Ankylosis, edema 
Bone/soft tissue necrosis 


From Perez CA, Brady LW, Roti Roti JL. Overview. In: Perez CA, Brady LW, eds. Principles 
and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:1—78, with 
permission. 
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Clinical Photon Beam Dosimetry 
Single-Field Ilsodose Distributions 


e The central axis percentage depth dose (PDD) expresses the penetrability of a 
radiation beam. 

e Beam characteristics for x-ray and g-ray beams typically used in radiation therapy, 
the depth at which the dose is maximum (100%), and the PDD value at 10-cm depth 
are summarized in Table 2-1 and Figure 2-1. 

e Fora10 x 10-cm field, 18-MV and 6-MV x-ray beams and cobalt 60 (Co) beams 
(1.25 MV average x-ray energy) lose approximately 2.0%, 3.5%, and 4.5% per cm, 
respectively, beyond the depth of maximum dose (dmax) (18). 

e Cobalt units exhibit a large penumbra, and their isodose distributions are rounded 
toward the source as a result of the relatively large source size (typically 1 to 2 cm in 
diameter). Linear accelerator (linac) isodose distributions have much smaller 
penumbras and relatively flat isodose curves at depth. 
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Fig. 2-1: Typical x-ray or photon beam central-axis percentage depth dose curves for a 10 
x 10-cm beam for 230 kV (2-mm Cu half-value layer) at 50-cm SSD, ®Co, and 4 MV at 80- 
cm SSD, and 6 MV, 10 MV, 18 MV, and 25 MV at 100-cm SSD. The last two beams 
coincide at most depths but do not coincide in the first few millimeters of the buildup region. 
The 4-MV, 6-MV, 18-MV, and 25-MV data are for the Varian Clinac 4, 6, 20, and 35 units, 
respectively, at the Mallinckrodt Institute of Radiology in St. Louis, MO. [From Cohen M, 
Jones DEA, Greene D. Central axis depth-dose data for use in radiotherapy. Br J Radiol 
1972;11(suppl):21, with permission.] 


Table 2-1: Beam characteristics for photon beam energies of interest in radiation 
‘therapy 


200 kV(p) [kilovolt (peak)]; 2.0 mm Cu half-value layer (HVL); SSD = 50 cm | 
| Depth of maximum dose = surface 
Rapid falloff with depth due to (a) low energy and (b) short SSD 4 


Sharp beam edge due to small focal spot 


Significant dose outside beam boundaries due to Compton scattered radiation at low 
energies 


Co, SSD = 80 cm 


Depth of maximum dose = 0.5 cm 

Increased penetration (10-cm PDD = 55%) 

Beam edge not as well defined—penumbra due to source size 

Dose outside beam low because most scattering is in forward direction 

Isodose curvature increases as the field size increases 
4-MV x-ray; SSD = 80 cm 

Depth of maximum dose = 1.0-1.2 cm 

Penetration slightly greater than cobalt (10 cm PDD [verbar]=[verbar] 61%) 

Penumbra smaller 

"Horns" (beam intensity off axis) due to flattening filter design can be significant (14%) 
6-MV x-ray; SSD = 100 cm 

Depth of maximum dose = 1.5 cm 

Slightly more penetration than °’Co and 4 MV (10 cm PDD = 67%) 

Small penumbra 

"Horns" (beam intensity off axis) due to flattening filter design reduced (9%) 
18-MV x-ray; SSD = 100 cm 

Depth of maximum dose = 3.0-3.5 cm 

Much greater penetration (10 cm PDD = 80%) 

Small penumbra 

"Horns" (beam intensity off axis) due to flattening filter design reduced (5%) 

Exit dose often higher than entrance dose 


PDD, percentage depth dose; SSD, source to skin distance. 


Buildup Region 


e The buildup region is very energy dependent (Fig. 2-1). 

e If the x-ray beam is incident normal (at 0 degrees) to the surface, maximum skin 
sparing is achieved. 

e Skin dose increases and dmax moves toward the surface as the angle of incidence 
increases. This is because more secondary electrons are ejected along the oblique 
path of the beam, a phenomenon called tangential effect (5,6,8,21). 


Tissue Heterogeneities 


e Perturbation of photon transport is more noticeable for lower-energy beams. 

e Fora modest lung thickness of 10 cm, there will be an approximately 15% increase in 
dose to the lung fora ®°Co or 6-MV x-ray beam (1), but only an approximately 5% 
increase for an 18-MV x-ray beam (15) (Fig. 2-2). 

e Measurements performed with a parallel-plate ionization chamber for cobalt showed 
significant losses of ionization on the central axis following air cavities of varying 
dimensions. Due to lack of forward-scattered electrons, the losses were 
approximately 12% for a typical laryngeal air cavity, but were recovered within 5 mm 
in the new buildup region (4). 

e Klein et al. (12), using a parallel-plate chamber in both the distal and proximal 
regions, observed a 10% loss at the interfaces for an air cavity of 2 x 2 x 2 cm for 4 x 
4-cm parallel-opposed fields for 4-MV and 15-MV photons. They also observed 
losses at the lateral interfaces perpendicular to the beam on the order of 5% for a 4- 
MV beam. 
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Fig. 2-2: Percentage increase in lung dose as a function of depth in the lung for selected 
energies. Field size is 10 x 10 cm. (From McDonald SC, Keller BE, Rubin P. Method for 

calculating dose when lung tissue lies in the treatment field. Med Phys 1976;3:210, with 

permission.) 


Prostheses (Steel and Silicon) 


e Das etal. (2), measuring forward dose perturbation factors following a 10.5-mm-thick 
stainless steel layer simulating a hip prosthesis geometry, observed an enhancement 
of 30% for steel due to backscattered electrons, independent of energy, field size, or 
lateral extent of the steel. 

e Klein and Kuske (11) reported on interface perturbations about silicon prostheses, 
which have a density similar to breast tissue but a different atomic number. They 
observed a 6% enhancement at the proximal interface and a 9% loss at the distal 
interface. 


Wedge Filters 


e For cobalt units, the depth of the 50% isodose usually is selected for specification of 
the wedge angle, whereas for higher-energy linacs, higher-percentile isodose curves, 


such as the 80% curve, or isodose curves at a specific depth (e.g., 10 cm), are used 
to define the wedge angle. 

When a patient's treatment is planned, wedged fields commonly are arranged such 
that the angle between the beams (the hinge angle, ) is related to the wedge angle, 
0, by the relationship 


8 = 90degrees — 6/2 


As shown in Figure 2-3, 45-degree wedges orthogonal to one another yield a uniform 
dose distribution. 


4 
f 


Fig. 2-3: Isodose distribution for two angle beams. A: Without wedges. B: With wedges. (4 
MV; field size, 10 x 10 cm; SSD, 100 cm; wedge angle, 45 degrees.) (From Khan FM. The 
physics of radiation therapy, 3rd ed. Baltimore: Williams & Wilkins, 1994, with permission.) 


Parallel-Opposed Fields 


e Figure 2-4 shows the normalized relative-axis dose-profiles from parallel-opposed 
photon beams for a 10 x 10-cm field at source to skin distance (SSD) of 100 cm and 
for patient diameters of 15 to 30 cm in 5-cm increments. 

e The maximum patient diameter easily treated with parallel-opposed beams for a 
midplane tumor with low-energy megavoltage beams is approximately 18 cm. 

e For thicker patients, higher x-ray energies produce improved dose profiles and 
reduce hot spots in the entry and exit regions. 
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Fig. 2-4: Relative central-axis dose profiles as a function of x-ray energy (®Co or 4, 6, 10, 
and 18 MV) and patient thickness (15, 20, 25, and 30 cm). The parallel-opposed beams 
are equally weighted, and the profiles are normalized to unity at midline. Because of 
symmetry, only half of each profile is shown. (From Purdy JA, Klein EE. External photon 
beam dosimetry and treatment planning. In: Perez CA, Brady LW, eds. Principles and 
practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:281-320, with 
permission.) 


Rotation Arcs 


e The esophagus, prostate, bladder, cervix, and pituitary are sites sometimes treated, 
either initially or for boost doses, with rotation or arc therapy. 

e Although the dose distributions achieved by rotation or arc therapy yield high target- 
volume doses, they normally irradiate a greater volume of normal tissue at lower 
doses than fixed, multiple-field techniques. 

e The dose gradient at the edge of the target volume is never as sharp with a rotational 
technique as with a multiple-field technique. 

e With arc techniques, one or more sectors are skipped to reduce the dose to critical 
normal structures. 

e When a sector is skipped, the high-dose region is shifted away from the skipped 
region; therefore, the isocenter must be moved toward the skipped sector. This 
technique is referred to as past-pointing (Fig. 2-5). 


Fig. 2-5: A: Arc therapy technique for 240-degree rotation using a 6-MV photon beam. 
When a sector of the full rotation is skipped, the high-dose isodose curves are shifted away 
from the skipped sector. B: Past-pointing technique in which the isocenter is moved 2 cm 
lower toward the skipped sector to move the high-dose isodose curves back around the 
target volume. (From Purdy JA, Klein EE. External photon beam dosimetry and treatment 
planning. In: Perez CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd 
ed. Philadelphia: Lippincott-Raven, 1998:281—320, with permission.) 


Field Shaping 


e Lipowitz metal (Cerrobend), probably the most commonly used alloy, consists of 
13.3% tin, 50.0% bismuth, 26.7% lead, and 10.0% cadmium. The physical density at 
20°C is 9.4 g per cm’, compared with 11.3 g per cm’ for lead. The total time required 
for the block to solidify is typically approximately 45 minutes. 

e Doses to critical organs may be limited by using either a full shield—usually 5 half- 
value layer (HVL) (3.125% transmission) or 6 HVL (1.562% transmission)—or a 
partial transmission shield, such as a single HVL (50% transmission) of shielding 
material. 

e The true percentage dose level generally is greater than the percentage stated 
because of scatter radiation beneath the blocks from adjacent unshielded portions of 
the field and increases with depth as more radiation scatters into the shielded volume 
beneath the shield. 

e At present, independent jaws (collimators) and multileaf collimation increasingly are 
used. 


Compensating Filters 


e Acompensating-filter system includes methods for measuring the missing-tissue 
deficit, demagnifying patient topography, constructing the compensating filter, 
aligning and holding the filter in the beam, and performing quality control. 

e Purdy et al. (17) developed a one-dimensional compensating system designed for 
individual patient chest curvatures using Lucite plates. The SSD is set to the highest 
point of the anatomic area (chest) to be irradiated (Fig. 2-6). A sagittal contour of the 
chest is obtained, and the number of layers of Lucite, each with thickness equivalent 
to 1 cm of tissue, is obtained as well. 

e A practical two-dimensional compensator system is still widely used (3). A rod-box 
device (a formulator) is used to measure the tissue deficit in a 1-cm grid over the 
treatment surface (Fig. 2-7). Blocks of aluminum or brass of appropriate thickness are 
then mounted on a tray above the patient to attenuate the beam by the desired 
amount. Beam divergence also may be incorporated into this system. 
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Fig. 2-6: A: One-dimensional chest compensating-filter system using sheets of plastic. 
(From Purdy JA, Klein EE. External photon beam dosimetry and treatment planning. In: 
Perez CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. 
Philadelphia: Lippincott-Raven, 1998:281-320, with permission.) B: Sagittal dose profile 
with and without compensator for a 25-MV x-ray beam. C: Method used to design, 
fabricate, and position in beam the one-dimensional compensating filter. (Based on method 
proposed by Purdy et al. A compensation filter for chest portals. Int J Radiat Oncol Biol 
Phys 1977;2:1213-1215, with permission.) 


Fig. 2-6: A: One-dimensional chest compensating-filter system using sheets of plastic. 
(From Purdy JA, Klein EE. External photon beam dosimetry and treatment planning. In: 
Perez CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. 
Philadelphia: Lippincott-Raven, 1998:281—320, with permission.) B: Sagittal dose profile 
with and without compensator for a 25-MV x-ray beam. C: Method used to design, 
fabricate, and position in beam the one-dimensional compensating filter. (Based on method 
proposed by Purdy et al. A compensation filter for chest portals. Int J Radiat Oncol Biol 
Phys 1977;2:1213-1215, with permission.) 


Fig. 2-7: Method used to design, fabricate, and position the beam in the two-dimensional 
compensating-filter system using aluminum and brass blocks. (Method based on that 
proposed by Ellis et al. A compensator for variation in tissue thickness for high energy 
beams. Br J Radiol 1959;32:421, with permission.) 


Bolus 


e Tissue-equivalent material placed directly on the patient's skin surface to reduce the 
skin sparing of megavoltage photon beams is referred to as bolus. 

e A tissue-equivalent bolus should have electron density, physical density, and atomic 
number similar to that of tissue or water, and it should be pliable so that it conforms to 
the skin surface contour. 

e Inexpensive, nearly tissue-equivalent materials used as a bolus in radiation therapy 
include slabs of paraffin wax, rice bags filled with soda, and gauze coated with 
petrolatum. 


Separation of Adjacent X-Ray Fields 


Field Junctions 


e Acommonly used method matches adjacent radiation fields at depth. 

e The necessary separation between adjacent field edges needed to produce junction 
doses similar to central-axis doses follows from the similar triangles formed by the 
half-field length and SSD in each field. The field edge is defined by the dose at the 
edge that is 50% of the dose at dmax- 

e Consider two contiguous fields of lengths L; and L2; the separation, S, of these two 
fields at the skin surface follows from these expressions: 


where, as shown in Figure 2-8A, dis the depth dose specification and L, and Lə are the 
respective half-field lengths. 


Fig. 2-8: A: 
Standard 
formula for 
calculating the 
gap at the skin 
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given depth 
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e A slight modification of this formula is needed when sloping surfaces are involved, as 
shown in Figure 2-8B (10). 


Orthogonal Field Junctions 


e Figure 2-9 illustrates the geometry of matching abutting orthogonal photon beams. 

e Such techniques are necessary (particularly in the head and neck region, where the 
spinal cord can be in an area of beam overlap) in the treatment of medulloblastoma 
with multiple spinal portals (22) and lateral brain portals, and in multiple-field 
treatments of the breast (19). 

e Acommon solution to avoid overlap is to use a half-block, so that abutting anterior 
and lateral field edges are perpendicular to the gantry axis (9). 

e In addition, a notch in the posterior corner of the lateral oral cavity portal is commonly 
used to ensure overlap avoidance of the spinal cord when midline cord blocks cannot 
be used on anteroposterior portals irradiating the lower neck and matched to the oral 
cavity portals. 

e Other techniques rotate the couch about a vertical axis to compensate for the 
divergence of the lateral field (19), with the angle of rotation given by 
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1 field width 


| SAD 
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or to leave a gap, S, on the anterior neck surface between the posterior field of length 
L and lateral field edges (7,23), where dis the depth of the spine beneath the 
posterior field and where 


e Craniospinal irradiation is well established as a standard method of treatment of 
suprasellar dysgerminoma, pineal tumors, medulloblastomas, and other tumors 
involving the central nervous system. Uniform treatment of the entire craniospinal 
target volume is possible using separate parallel-opposed lateral whole-brain portals, 
rotated so their inferior borders match with the superior border of the spinal portal, 
which is treated with either one or two fields (depending on the length of the spine to 
be treated). 

e Lim (13,14) described the dosimetry of optional methods of treating medulloblastoma 
with excellent descriptions and diagrams. 

e Two junctional moves are made at one-third and two-thirds of the total dose. The 
spinal-field central axis is shifted away from the brain by 0.5 cm, and the field-size 
length is reduced by 0.5 cm, with corresponding increases in the length of the whole- 
brain field, so that a match exists between the inferior border of the brain portal and 
the superior border of the spinal portal. The whole-brain portals are rotated by an 
angle 


-l 
tan@ = 


SSD 


spinal field length 


to achieve the match. To eliminate the divergence between the brain portal and spinal 


portal, the table is rotated through a floor angle: 
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Fig. 2-9: Some solutions for 
the problem of overlap for 
orthogonal fields. A: A 
beam splitter, a shield that 
blocks half of the field, is 
used on the lateral and 
posterior fields and on the 
spinal cord portal to match 
the nondivergent edges of 
the beams. B: Divergence 
in the lateral beams may 
also be removed by angling 
the lateral beams so that 
their caudal edges match. 
Because most therapy units 
cannot be angled like this, 
the couch is rotated through 
small angles in opposite 
directions to achieve the 
same effect. C: A gap 
technique allows the 
posterior and lateral field to 
be matched at depth using 
a gap, S, on the skin 
surface. The dashed lines 
indicate projected field 
edges at depth D, where the 
orthogonal fields meet. 
(Modified from Williamson 
TJ. A technique for 
matching orthogonal 
megavoltage fields. Int J 
Radiat Oncol Biol Phys 
1979;5:111-116, with 
permission.) 


Radiation Therapy in Patients with Cardiac Pacemakers 


e Modern pacemakers are radiosensitive and have a significant probability of failing 
catastrophically at radiation doses well below normal tissue tolerance; therefore, they 
should never be irradiated by the direct beam. 

e The devices are well shielded electrically, so that transient malfunction due to stray 
electromagnetic (EM) fields around a modern linac is unlikely. 

e Potential interactions between a functioning pacemaker and the radiation therapy 
environment fall into two categories: 


1. Transient malfunctions can be caused by strong high- or low-frequency EM fields 
created by the treatment machine when producing high-energy photon and electron 
beams. Ambient EM fields arise in linacs from the microwave transport system used 
to accelerate electrons and from the low-frequency, high-voltage pulses used to 
energize the electron gun and microwave sources. 

2. Excessive exposure of the pacer to primary or scatter ionizing radiation may cause 
permanent malfunction of circuit components. 


e Following is a widely accepted set of clinical management guidelines based on 
recommendations by the American Association of Physicists in Medicine (AAPM) 


(16): 


1. Pacemaker-implanted patients should never be treated with a betatron. 

A patient's coronary and pacemaker status must be evaluated by a cardiologist 
before and soon after completion of therapy. 

3. The pacemaker should always be kept outside the machine-collimated radiation 
beam during treatment and during the taking of portal films. 

4. Patients must be carefully observed during the first therapy session to verify that no 
transient malfunctions are occurring, and during subsequent treatments if magnetron 
or klystron misfiring (sparking) occurs. 

5. Before treatment, the dose (from scatter) to be received by the pacemaker must be 
estimated and recorded. The total accumulated dose should not exceed 
approximately 2 Gy. 

6. If treatment within these guidelines is not possible, the physician should consider 
having the pacemaker either temporarily or permanently removed before irradiation. 


Dosimetry for Peripheral Radiation to the Fetus 
e Major components of peripheral dose can be divided into the following regions: 


1. Within 10 cm from beam edge, the dose is primarily is due to collimator scatter and 
internal patient scatter. 

2. From 10 to 20 cm from beam edge, the dose primarily is due to internal patient 
scatter. 

3. From 20 to 30 cm from beam edge, patient scatter and head leakage contribute 
equally. 

4. Beyond 30 cm, the dose is primarily from head leakage. 


e The AAPM suggests that pregnant patients be treated with energies less than 10 MV 
whenever possible (20). 

e Two methods can be used to reduce the dose to the fetus: (a) modification of 
treatment techniques, and (b) use of special shields. 

e Modifications include changing field angle (avoiding placement of the gantry close to 
the fetus—that is, treatment of a posterior field with the patient lying prone on a false 
table top), reducing field size, choosing a different radiation energy (avoiding "Co 
due to high leakage or energies greater than 10 MV due to neutrons), and using 
tertiary collimation to define the field edge nearest to the fetus. 

e When shields are designed, the shielding device must allow for treatment fields 
above the diaphragm and on the lower extremities. Safety to the patient and 
personnel is a primary consideration in shield design. 


e Commonly used shielding arrangements include bridge over patient, table over 
treatment couch, and mobile shield. 


Effects by Gestational Age Posiconception 


e Preimplantation: 0 to 8 days postconception (PC): Death of the embryo or early fetus 
is an acute effect of radiation exposure. Most data come from experiments on mice 
and rats. The maximum risk to the embryo or fetus of rodents suggests a 1% to 2% 
chance of early death after doses on the order of 0.1 Gy corresponding to an LDso of 
1 Gy. 

e Embryonic period: 8 to 56 days PC: The principal risk during this period is 
malformation of specific organs. Small head size (SHS) is common. Atomic bomb 
survivor data show that the risk of SHS increases with dose above a threshold of a 
few centrigrays and is approximately 40% for a uterine-absorbed dose of 0.5 Gy. A 
risk of growth retardation with a threshold dose of 0.05 to 0.25 Gy has been 
observed. A possible late cancer risk of 14% per Gy exists for an acute single dose to 
the fetus at this stage. Fractionation of the dose probably would reduce this risk. Data 
from pregnant patients receiving large therapeutic radiation doses to the abdomen 
indicate that abortions are induced with doses of 3.6 to 5.0 Gy. 

e = Early fetal: 56 to 105 days PC: SHS and severe mental retardation (SMR) are the 
principal risks. Risk of SHS decreases after week 11. Risk of SMR is approximately 
40% per Gy, with a threshold of at least 0.12 Gy. Risk of growth retardation is smaller 
than in the embryonic stage. For doses higher than 1 Gy, there is a risk of sterility and 
a continuing risk (presumably with no threshold) for a subsequent cancer. 

e Midfetal: 105 to 175 days PC: Irradiation during this period is not likely to induce 
gross malformations. SMR has been observed with a threshold of approximately 0.65 
Gy among persons irradiated in utero during the atom bombing. SHS and growth 
retardation also have been observed at doses exceeding 0.5 Gy. There is a 
continuing risk of subsequent cancer development. 

e Late fetal: more than 175 days PC: Risks of malformation and mental retardation are 
negligible. The major risk is subsequent cancer development, according to data 
obtained from diagnostic x-ray exposure of pregnant women in the third trimester. 
There is a continuing risk of growth retardation for doses exceeding 0.5 Gy. 

e The risks of the dominant effects after a dose of 0.1 Gy are SMR, 1:25; malformation, 
1:20; and cancer mortality, 1:14. These are conservative estimates, because a linear 
dose response model has been used for cancer induction and mental retardation. 

e The risk of malformation is assumed to have a threshold of 0.5 Gy and a 50% risk at 
fetal dose of 1 Gy. 

e The AAPM report suggests that the fetal dose should be kept below 0.1 Gy, 
acknowledging an uncertain risk between 0.05 and 0.10 Gy (19). 
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Physical Characteristics 


e Historically, high-energy electron beams have been provided by Van de Graaff, 
betatron, and linear accelerators for use in radiation oncology. The medical electron 
linear accelerator design dominates today and of course also produces high-energy 
x-rays for clinical use. Modern designs typically are multienergy and multimodality, 
using two x-ray energies (e.g., 6 MeV and 18 MeV), and five to six electron energies 
(e.g., between 4 MV and 20 MV). 

e Electron beams are small (approximately 3 to 4 mm in diameter) and essentially 
monoenergetic on exit from the waveguide-accelerating component. They are 
magnetically steered and focused to interact with an energy-dependent selection of 
electron-scattering metallic foils, which provide the circular, scattered, broad, uniform 
doses required for radiation treatment. The electron beam then passes through a 
dual, structured parallel-plate ionization chamber system for dose monitoring. The 
circular electron beams are collimated to square beams using a set of individual 
electron collimators, typically ranging in size from 4 cm x 4 cm to 25 cm x 25 cm. Low 
melting point alloys can be used to make irregularly shaped field inserts into the 
electron collimators for individual patient treatment. The collimators terminate 
approximately 5 to 8 cm from the patient's skin surface setup at 100 cm source to 
skin distance (SSD). 

e The electron beam dose rates are selectable, from 100 to 400 cGy per minute 
typically. A high dose rate option is usually available at greater than or equal to 1,000 
cGy per minute for use in the treatment of total skin at extended distances of 4 to 6 
m. 

e Electron beams, although essentially monoenergetic when they first exit from the 
waveguide, lose energy continuously as they interact with the air, the metallic 
scattering foils, the dose monitor chamber system, and the patient's tissues. When 
this kinetic energy is fully dissipated, the electron is said to be "thermalized,” and it 
enters the atomic milieu of the matter in which it stops. The further it penetrates, the 
less monoenergetic it becomes. The linear energy transfer (LET), or linear stopping 
power, of the electron beams has the value 2 MeV energy loss per cm travel in water, 
approximately independent of the energy in the range of 4 to 20 MeV. Thus, we say 
that a 10-MeV beam has a range of approximately 5 cm in water. This energy loss is 
predominately due to collisional (elastic) interactions of the electrons with electrons 
and nuclei in the media. 

e Because of these collisional interactions, the electrons scatter away from a straight 
inline path. This angular spread of the beam increases as the electrons penetrate into 
the media. The rate of angular spread is greater for lower energy electrons. This 
phenomenon, together with the approximate constant LET, explains why higher- 


energy clinical electron beams (unlike high-energy x-ray beams) have a higher 
surface dose, and lower-energy electrons have a lower surface dose. 

e Radiative (inelastic) interactions by these clinical electron beams produce a weak 
field of bremsstrahlung (x-rays). In tissue at the treatment distance, for example, this 
is approximately less than 1% of the total dose for 4-MeV electron beams and 
approximately less than 6% for 18-MeV electrons. Bremsstrahlung contamination has 
the obvious penetration ability of the respective 4- to 18-MV x-ray beams. This is 
Clinically significant only for therapy around the lens of the eye with high Z blocking 
and for multifield total skin electron beams used in the treatment of mycosis 
fungoides. 

e Optimum scatterer-collimator design produces electron fields that have uniform dose 
(flat and symmetric), good surface dose preservation, and minimum bremsstrahlung 
contamination. 


Clinical Characteristics 


e The central-axis depth dose of several electron beams is shown in Figure 3-1. Unlike 
megavoltage photon beams, electron beams exhibit rapid falloff, especially if the 
energy is below 15 MeV. This is clinically significant because tissues lying beyond the 
practical range of the electron beam require almost no dose other than that from x-ray 
contamination. 

e The most commonly used prescription is to the depth of the 90% depth-dose line 
(therapeutic range). This therapeutic range is approximately given by E/4 cm. Eis the 
most probable energy of the electron beam at the patient surface. The depth of the 
80% depth-dose line is given approximately by E/3 cm. 

e Skin-surface percent depth doses range from approximately 80% for low-energy 
electrons to 93% for 18-MeV electrons, as shown in Table 3-1. 

e The depth at which maximum dose is reached below the skin surface is proportional 
to E, up to approximately 12 to 16 MeV (ranging from 1.0 to 2.5 cm) and then 
decreases at greater energies (ranging from 2.5 down to 1.5 as energy goes from 16 
MeV up to 20 MeV). The region of uniform maximum dose is narrow for low-energy 
electrons and broad for high-energy electrons. 

e The rate of decrease in percent depth dose versus depth, between the 80% and 20% 
level, is greater for small field sizes than for large field sizes, and greater for low- 
energy electrons than high-energy electrons. 

e lsodose curves show ballooning at the field edges caused by electron scattering at 
depth. This results in the 10% to 30% lines' ballooning to the outside of the field and 
the 80% to 95% lines' constricting to the inside of the field. To treat uniformly at a 
depth of the 80% to 90% line, one may thus have to use a field that is as much as 2 
cm larger than the tumor at that depth. This phenomenon is more important with 
higher energy and for smaller fields. 

e This summary of clinical and physical characteristics of electron beams does not 
replace the need for exact and detailed measurements of each parameter for each 
individual accelerator, even if they are of the same make, model, and upgrade. 

e Calibration and treatment planning require measurements of each machine 
parameter and individual patient treatment parameter, such as source to skin 
distance, air-gap field size, and blocking (1). 
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Clinical Applications 


Electron beams may be the primary mode of therapy or may be combined with 
photon beams. 

It is mandatory that radiation oncologists be familiar with the idiosyncrasies of their 
machines, in addition to isodose distributions, energies available for treatment, 
parameters of the tumor, and volume to be irradiated. 

Output measurements, central-axis depth dose, and off-axis profiles should be 
measured for all energies, and for each standard electron collimator and its insert 
combinations. Beams are considered to be clinically uniform (flat and symmetric) 
when dose measurements in the plane perpendicular to the central axis, at the depth 
of the 95% depth dose on the far side of the depth of dose maximum, do not exceed 
plus or minus 5% across the area confined within 2 cm of the geometric field edge for 
fields of 10 cm x 10 cm or greater. 

Surface air gaps (skin curvature), bolus, and tissue inhomogeneities in the treatment 
field significantly affect the dose distribution. 

Electron output at the depth of maximum dose (dmax) for SSD (different from the 
nominal SSD 100 cm) will vary as an inverse square factor using an “effective" SSD 
rather than the nominal SSD of 100 cm. Effective SSD is determined experimentally 
as a function of electron energy and collimator size, and is less than or equal to 100 
cm. It is smaller for lower energies and smaller collimator sizes. 

Compact bone (e.g., mandible) causes an approximate 4-MeV loss per cm of bone, 
and thus proportionately lessens the electron beam. Failure to consider this may lead 
to underdose behind the mandible. Spongy bone (e.g., sternum) should have much 
less effect. 


In lung tissue, the range of the electron is increased by a factor of approximately 
three. If one ignores this, then one will underestimate the dose to deeper lung points 
and the volume of lung irradiated. 

When tissue-equivalent bolus is used on the skin surface to increase surface dose, 
one must not forget that the entire central-axis depth dose has effectively been 
shifted toward the surface by an amount equal to the thickness of the bolus. One may 
have to increase the energy to get proper dose at depth below the skin surface in the 
presence of the bolus. 

Better dose distribution can be achieved by placing a secondary collimation near the 
patient's skin surface (Fig 3-2). 

The penumbra increases dramatically with distance from the applicator; this is 
particularly significant at low energies and for small fields. 

Small blocks of bolus that do not cover the whole field should be avoided, because 
they behave like large air or tissue inhomogeneities and may generate significant 
scatter hot spots in tissue at their edges. 

Shielding should be applied carefully because of the hot spots that exist at shield 
edges. The minimum thickness of lead, in millimeters, needed to block electron 
beams of energy E in MeV, is given by E/2 mm lead. Thickness should be increased 
by approximately 20% if low melting point lead-cadmium alloys are used. 

The choice of an appropriate gap between abutted fields is critical. The gap may vary 
with field size, distance, and beam characteristics. 

Matching for uniform dose at the surface causes 20% to 50% hot spots at depth, and 
matching for uniform dose at depth causes 20% to 50% cold spots at the surface. 
Use of 1- to 2-cm plastic wedges in each penumbra region improves the ability to 
optimize uniform dose in overlapping regions. 

The current standard of care in computerized treatment planning for clinical use of 
electron beams—either alone or in conjunction with photon beams—is to choose 
computer planning systems that use implementations of pencil electron beam 
algorithms, preferably in a fully three-dimensional computational and clinical 
environment, which requires a volume set of CT scans. 
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Normal Tissue Reactions 


Clinical electron beams are low LET radiations, and expected radiobiologic equivalent 
and oxygen enhancement ratio characteristics are identical to photon beams to within 
plus or minus 5%. 

The higher the electron beam energy, the greater the surface buildup dose, and the 
more intense the skin reactions. 

Widely varying accelerator designs for flattening and collimating clinical electron 
beams leads to differing skin surface dose buildup for the same nominal energy 
settings. 

Tapley (2) developed skin tolerance tables correlating the factors of dose, time, area, 
electron energy, and anatomic site, including the lateral face, upper and lower neck, 
and chest wall. 

The intensity of skin reactions at high energies suggests that electron beams should 
be used in combination with megavoltage photon beams (Table 3-2). 

The acute mucous membrane reactions seen with electron beam therapy are similar 
to those produced by photon beams at the same doses but are advantageously, 
sharply localized to the ipsilateral side. 

If electron beam therapy is used exclusively to treat lateralized lesions of the head 
and neck, fibrosis and late radiation sequelae usually become unacceptable; electron 
beam therapy should be combined with other radiation modalities. 


Techniques 


Intraoral Tumors 


For the treatment of lesions of the oral cavity, intraoral stents containing lead offer 
protection to adjacent tissues distal to the tumor; they should be covered with dental 
wax to decrease scattered radiation effects on the adjacent mucosa. Similar 
protection can be achieved by increasing distance with tissue-equivalent Lucite 
"spacers." 


Skin and Lip Tumors 


For small, superficial basal cell carcinomas, a 1.0- to 1.5-cm margin surrounding the 
gross lesion is adequate. In large, infiltrative lesions, 2- to 3-cm margins are required, 
with wide borders of uninvolved tissue. 

For squamous cell carcinoma, the field usually can be reduced at 50 Gy. 

Most lesions located on the eyelids, external nose, cheeks, and ears are not deeply 
invasive and can be treated with electron beam energies of 6 to 9 MeV. 

If the lesion approaches 2 cm in thickness, 9- to 12-MeV electron beams should be 
used. 

Protective devices should be designed to delineate the treatment field and conform to 
the irregular shape of the lesion. 

Lead shields should be placed beneath the lid in eyelid lesions, or in lesions near the 
eye. Eye shields should be wax coated to decrease backscatter electron dose to the 
eyelid. Thicker external blocks may be necessary to protect the eye at higher energy 
levels. 

Shielding devices (wrapped in wet gauze or dipped in dental wax) also should be 
placed within the cavity of the area being treated to protect opposite tissues. 

As there is potential skin involvement, appropriately chosen bolus and energy 
adjustment should be used. 


Upper Respiratory and Digestive Tracts 


e Electron beams alone may be used to treat lateralized tumors of the oral cavity, 
oropharynx, hypopharynx, or supraglottic larynx, frequently combined with external 
beam high-energy photons or interstitial brachytherapy. 

e Inthe oral cavity, electron beams may be used with intraoral cones, providing 
coverage of the lesion with a 1-cm margin of normal mucosa on all sides. An intraoral 
stent may be necessary to position the cone and to reproduce its placement at each 
treatment. 

e Electron energy is chosen at 6, 9, or 12 MeV, depending on the characteristics and 
depth of the tumor. 


Salivary Gland Tumors 


e In treatment for salivary gland tumors, electrons generally are used alone for 75% to 
80% of the dose and are combined with photon beams for 20% to 25% of the dose. 

e The application of electron beam therapy, either alone or with photon beams, is most 
effective after the bulk of the tumor has been removed. 


Breast Cancer 


e Electron beam therapy is of particular value for administration of boost dose to the 
tumor excision volume in breast conservation treatment and for treatment of 
subclinical, relatively superficial disease in patients who have had surgical removal of 
the primary breast lesion and axillary lymphatics. 

e Radiation therapy may be designed for the chest wall using electron beam, a 
combination of electrons and photons, or a combination of electron beams at varying 
energies. 

e Computed tomography and three-dimensional treatment planning offer excellent 
means to measure the thickness of the chest wall and aid in the choice of appropriate 
energy level to be used and volume to be treated. 


Neoplasms of Other Sites 


e Certain lymphomas that present as subcutaneous masses or dermal lesions can be 
treated by electron beam therapy. 

e |In many soft tissue sarcomas, electron beam therapy can be used as total treatment, 
an adjunct to photon beam treatment, or a boost to photon beam treatment, with the 
electron beam portion being given at the time of the surgical excision procedure. 

e Primary or recurrent carcinomas of the vulva, distal vagina, urethra, suburethral area, 
or other areas that recur after surgical removal may be treated by electrons 
incorporating the appropriate bolus. 


Intraoperative Irradiation 


e Intraoperative electron beam used as a boost followed by photon beam treatment is 
an innovative regimen for pancreatic, gastric, and rectal cancers; retroperitoneal 
sarcomas; head and neck cancers; and genitourinary and some gynecologic cancers. 


Table 3-1: Electron beam surface dose (% values) 
Energy (MeV) 
Applicator size (cm*) 6 9 12 16 20 
6x6 82 86 90 94 96 
15x15 80 86 88 92 94 


From Perez CA, Lovett RD, Gerber R. Electron beam and x-rays in the treatment of epithelial 
skin cancer: dosimetric considerations and clinical results. In: Vaeth JM, Meyer JL, eds. The 
role of high-energy electrons in the treatment of cancer. Frontiers of radiation therapy and 
oncology, vol 25. Basel: Karger, 1991:90—106, with permission. 


Table 3-2: Tolerance doses for different anatomic locations, field sizes, and electron 
energies 


Anatomic location Field size (cm*) Electron energy (MeV) Dose (Gy) Total time (wk) 
Lateral face 


Neck and chest wall |50 
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Introduction 


e Technological and computer developments have propelled radiation oncology into the 
three-dimensional conformal radiation therapy (3-D CRT) era. 

e Computed tomography (CT) and magnetic resonance imaging (MRI) provide a 3-D 
model of the patient's anatomy and tumor, which allows radiation oncologists to more 
accurately prescribe irradiation to the target volume while sparing neighboring critical 
normal organs. 

e The potential to improve therapeutic ratio through dose escalation to achieve better 
therapeutic outcome should be confirmed in prospective clinical trials. 


Three-Dimensional Treatment Planning Systems 


e Conformational treatment methods were pioneered by Takahashi (34) in Japan; 
Proimos, Wright, and Trump in the United States (25,35,36); and Green, Jennings, 
and Christie in Great Britain (12,13). 

e Computer-controlled radiation therapy was initiated by the work of Kijewski et al. (19) 
at the Harvard Medical School and Davy et al. (6,7) at the Royal Free Hospital in 
London. 

e Sterling et al. (33) demonstrated the first 3-D approach to radiation treatment 
planning (RTP), using a computer-generated film loop technique that gave the illusion 
of a 3-D view of anatomic features and isodose distribution [two-dimensional (2-D) 
color washes] throughout a treatment volume. 

e McShan et al. (22,30) implemented a clinically usable 3-D RTP system based on 
beam's eye view (BEV), which provided the treatment planner with a viewing point 
from the perspective of the source of radiation, looking out along the axis of the 
radiation beam, similar to that obtained when viewing simulation radiographs. 

e Goitein and Abrams (10,11) reported on a system that took advantage of CT 
scanning and interactive scan displays, increased minicomputer capabilities, 
produced high-quality color BEV displays, and computed and displayed radiographs 
from the digital CT data, called digitally reconstructed radiographs (DRRs). 

e Other groups developed even more powerful 3-D RTP systems, including use of 
nonaxial (noncoplanar) beams (23,27,29,31). 


Conformal Radiation Therapy 


e The goal of 3-D CRT is to conform the prescription dose to the configuration of the 
target volumes while delivering lower doses to surrounding normal tissues. 


Preplanning and Localization 


e After the proposed treatment position of the patient is determined, immobilization 
devices are fabricated, either on a conventional radiation therapy simulator or in the 
CT simulator suite. 

e Radiopaque marks are placed on the patient's skin, and the immobilization device is 
used for the volumetric 3-D planning CT study in the treatment position. 

e CT topograms (or anteroposterior films) are reviewed and patient alignment adjusted 


(28). 


Computed Tomography Imaging for Three-Dimensional Planning 


e Avolumetric planning CT scan is performed on the CT simulator with the patient in 
the treatment position, typically with 50 to 100 slices that are 2 to 5 mm thick (28). 

e CT images are transferred to a 3-D RTP or virtual simulation computer workstation 
via a computer network. 


Critical Structure, Tumor, and Target Volume Delineation 


e The task of critical structure, tumor, and target volume delineation is performed by 
treatment planning staff and the radiation oncologist. 

e Most structures are contoured manually using a mouse or digitizer, although some 
structures with distinct boundaries (e.g., skin) can be contoured automatically (Fig. 4- 
1). 

e Many critical structures require the expertise of the radiation oncologist. 

e Consultation with a diagnostic radiologist is often helpful. 
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Designing Beams and Field Shaping 


e 3-DRTP systems have the ability to simulate all treatment machine motions, 
including collimator and couch angle, thus providing the capability to generate plans 
that involve nonaxial beams. 

e BEV display is used to select optimal beam directions and design beam apertures. 
This task is complemented by a room-view display, which is used to graphically set 
isocenter position and to better appreciate multiple-beam treatment techniques (28). 


Dose Calculation 


e After the beam geometries are designed, the dose distribution is calculated 
throughout a defined 3-D volume with appropriate algorithms (26). 


Plan Optimization and Evaluation 


e 3-DCRT plans are typically optimized by iteratively changing beam directions and 
apertures and recalculating the dose distribution until an optimal plan is obtained. 

e Plans are evaluated qualitatively using dose-display tools, such as dose-volume 
histograms (DVHs), 2-D isodose sections, and 3-D room-view isodose surface 
displays. 

e |f warranted, changes are made and the dose distribution recalculated and 
reevaluated; this process is repeated until the radiation oncologist approves the plan 
that is deemed "best" (28). 


Treatment Documentation 


e Once the treatment plan has been designed, evaluated, and approved, 
documentation for plan implementation is generated. 

e Documentation includes beam parameter settings and hard-copy block templates for 
block fabrication room, or multileaf collimator parameters communicated over a 
network to the computer system, which controls the multileaf collimator subsystem of 
the treatment machine (28). 


Plan and Treatment Verification 


e Radiographic verification simulation, first-day treatment portal films or electronic 
portal imaging devices, diode in vivo dosimetry, and record-and-verify systems are 
used to confirm the validity and accuracy of the 3-D—based plan (28). 

e The elements of 3-D CRT are summarized in Figure 4-2. 


Immobilization/repositioning device 
CT scanning 


Virtual simulation 
Target volume/critical 
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(patient/tumor anatomy) 
Se eet as eee Initial beam arrangement 


Volumetric data 


Digitally reconstructed radiograph 3D dose calculations/display 
Portal block template 4am Plan evaluation/optimization 
Plan documentation Final 3D beam arrangement 


Monitor unit calculations 
Marking of patient Treatment 


Radiograph verification Record and verify 
On line portal imaging 


Fig. 4-2: Elements of integrated 3-D planning conformal irradiation. CT, computed 
tomography. (From Perez C, Purdy J, Harms W, et al. Three dimensional treatment 
planning and conformal radiation therapy: preliminary evaluation. Radiother Oncol 
1995;36:32—43, with permission.) 


Volume and Dose Specification for Three-Dimensional Conformal 
Radiation Therapy 


e The recommendations for specifying gross tumor volume (GTV), clinical target 
volume (CTV), and planning target volume (PTV) for 3-D CRT follow the International 
Commission on Radiation Units and Measurements (ICRU) Reports Nos. 50 (16) and 
62 (17) guidelines. 

e Two dose volumes retained from ICRU Report No. 29 (15) are the treated volume, 
which is the volume enclosed by an isodose surface that is selected and specified by 
the radiation oncologist as being appropriate to achieve the purpose of treatment 
(e.g., 95% isodose surface), and the irradiated volume, which is the volume that 
receives a dose considered significant in relation to normal tissue tolerance (e.g., 
50% isodose surface). 

e ICRU Report No. 50 (16) recommends that dose to the PTV be reported for the ICRU 
reference point, along with the minimum, maximum, and mean dose. Information 
should be included about how the mean dose was computed to ensure consistency 
among reported mean dose values. 

e ICRU Report No. 62 (17) further defines the PTV, incorporating interval margins for 
expected physiologic movements and variations in size, shape, and position of the 
CTV during therapy in relation to an internal reference point. 

e A setup margin accounts for inaccuracies and lack of reproducibility in patient 
positioning and alignment of the therapeutic beams during treatment (Fig. 4-3). 

e DVHs for GTVs, PTVs, and all organs at risk should be reported to facilitate 
interpretation of treatment outcome and comparison of the relative merits of different 
techniques. 
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Practical Use of Gross Tumor Volume, Clinical Target Volume, and Planning Target 
Volume 


The radiation oncologist must specify GTV, CTV, and PTV on a volumetric CT scan 
of the patient, independent of the dose distribution; the GTV in terms of the patient's 
anatomy; the CTV in terms of the patient's anatomy or of knowledge of natural history 
and tumor biology data to be added to the GTV; and the PTV in terms of a 
quantitative margin to be added to the CTV to account for internal organ motion and 
repositioning uncertainties. 

The imaging study should be performed with the patient in the treatment position, 
using reliable patient immobilization devices. 

Radiopaque fiducial markers visible on the CT images are needed to coordinate 
transformation for planning and eventual treatment implementation. 

Large data sets with spiral CT scanning greatly improve the quality of the DRR; 
however, the contouring effort and the data storage requirements are increased. 
Defining the CTV is even more difficult and must be done by the radiation oncologist 
based on clinical experience, because current imaging techniques are not capable of 
directly detecting subclinical tumor involvement. 

Because most radiation oncologists are unfamiliar with defining target volumes and 
normal tissue on axial CT slices, assistance from a diagnostic radiologist frequently is 
needed. 

Image-based cross-sectional anatomy training is now required in radiation oncology 
training programs to improve the radiation oncologist's expertise in image recognition 
of normal tissue anatomy and gross tumor delineation. 


The PTV margin is specified by the radiation oncologist, taking into account the 
asymmetric nature of positional uncertainties. The PTV margin around a CTV should 
not be uniform. 

Certain limitations and practical issues must be clearly understood when ICRU 
Report No. 50 or No. 62 methodologies are adopted (16,17). 

In our Clinic, the radiation oncologist specifies the PTV margin as an estimate based 
on clinical experience, taking into account published literature and intramural 
uncertainty studies; it is not treated as a simple summation (28). 

When a PTV overlaps a contoured normal structure, a quandary arises as to which 
volume the overlapping voxels should be assigned for DVH calculations. We assign 
the overlapping voxels to both volumes, which ensures that the clinician is aware of 
the potential for this high-dose region to include the normal structure as well as the 
CTV/GTV when reviewing the DVHs (28). 

Currently, CT is the principal source of image data for 3-D RTP. However, there is a 
growing incorporation of complementary information from MRI (1,5,18,20), single 
photon emission computed tomography (SPECT), and positron emission tomography 
(PET) into the 3-D RTP process. MRI provides excellent soft tissue contrast and 
allows precise delineation of normal critical structures and treatment volumes; 
SPECT and PET imaging provide detailed functional information concerning tissue 
metabolism and radioisotope transport, which results in better therapeutic strategies 
and more accurate target definition. 

The treated volume encompasses the tissue volume planned to receive a prescribed 
irradiation dose that will achieve the objectives of the treatment. The treated volume 
is enclosed by the isodose corresponding to the prescribed dose level. 

The irradiated volume receives a radiation dose that is significant in relation to normal 
tissue tolerance. A new concept described in ICRU Report No. 62 (17) is the planning 
organ at risk volume (PRV), which should describe the size of the PRV in different 
directions for each specific organ within the irradiated volume. 


Dose-Volume Histograms 


Differential and cumulative DVHs are used in 3-D CRT. 


Differential Dose-Volume Histograms 


Figures 4-4 and 4-5 illustrate the generation of a differential DVH for a defined 
volume that is subjected to an inhomogeneous dose distribution. 

First, the volume under consideration is divided into a 3-D grid of volume elements 
(voxels); their size is small enough that the dose can be assumed to be constant 
within one voxel. 

The volume's dose distribution is divided into dose bins, and the voxels are grouped 
according to dose bin without regard to anatomic location. 

A plot of the number of voxels in each bin (x axis) versus the bin dose range (y axis) 
is a differential DVH. 

The size of the dose bin determines the height of each bin of the differential DVH. For 
example, if the bin widths increase, the heights of the histogram bins generally 
increase, because more voxels fall into any given bin (28). 
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Bin 1: 0 < dose <1 (7) 


Bin 2: 1 < dose <2 (22) 
Bin 3: 2 < dose <3 (12) 
Bin 4: 3 < dose <4 (16) 


Bin 5: 4 < dose <5 (11) 
Bin 6: 5<dose <6 (15) 


Bin 7: 6<dose<7 (4) 


Bin 8: 7 < dose<8 (13) 


Fig. 4-4: Dose grid for a hypothetical plan. In this plan, an irradiated organ has been 
divided into 100 5-cm® voxels, each of which receives 0 to 7.5 Gy. The number of voxels 
receiving a given dose range is indicated. For example, 22 voxels received greater than or 
equal to 1 Gy but less than 2 Gy. (From Lawrence TS, Kessler ML, Ten Haken RK. Clinical 
interpretation of dose-volume histograms: the basis for normal tissue preservation and 
tumor dose escalation. In: Meyer JL, Purdy JA, eds. Frontiers of radiation therapy 
oncology, vol 29, 3-D conformal radiotherapy. Basel, Switzerland: Karger, 1996:57—-66, 
with permission.) 
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Cumulative Dose-Volume Histograms 


e A cumulative DVH is a plot in which each bin represents the volume, or percentage of 
volume (y axis), that receives a dose equal to or greater than an indicated dose (x 


axis). 


e Anexample of a cumulative DVH is shown in Figure 4-6, in which the value at any 
dose bin is computed by summing the number of voxels of the corresponding 
differential DVH (Fig. 4-5) to the right of that dose bin. The volume value for the first 
bin (dose origin) is the full volume of the structure, because the total volume receives 
at least zero dose, and the volume for the last bin is that which receives the maximum 


dose bin (28). 
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Fig. 4-6: Cumulative 
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shown in Figure 4-4. 
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Dose-Volume Statistics 


e Explicit values of dose-volume parameters, which can be extracted from the DVH 
data, are called dose-volume statistics or dose statistics. 

e Examples of dose-volume statistics include maximum point dose, minimum point 
dose, mean dose, percent volume receiving equal to or greater than the prescription 
dose for target volumes and maximum point dose, mean dose, and percent volume 
receiving equal to or greater than an established tolerance dose for organs at risk. 

e There is some question as to whether point doses are clinically meaningful, 
suggesting that perhaps maximum dose should be reported for the dose averaged 
over a small but clinically significant volume. 


Plan Evaluation Using Dose-Volume Histograms and Dose-Volume Statistics 


e The DVH is an essential tool for 3-D CRT plan comparison, because the planner can 
superimpose DVHs from several competing plans on one plot and compare them 
directly for each organ of interest. 

e Sophisticated concepts and software improve our ability to quantitatively evaluate 
dose optimization in treatment planning (3,4,8,24). 

e Sometimes, the differences between the DVHs of all of the volumes of interest of two 
compared plans are clear (Fig. 4-7A), and one can easily determine which is the 
better plan. However, this is not the case for DVHs for a normal tissue that crosses 
over in midrange (Fig. 4-7B), with one being higher than the other at low doses and 
lower at high doses. This difficulty has prompted the development of biologic indices 
for plan evaluation. 
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Fig. 4-7: A: Cumulative dose- 
volume histograms (DVHs) of 
a normal tissue produced by 
two different plans, in which 
one is completely to the left of 
the other. If these two plans 
give the same tumor 
coverage, then plan 2 will 
cause less toxicity. B: 
Cumulative DVHs of normal 
tissue produced by two 
different plans in which the 
DVHs cross. In this example, 
when compared with plan 2, 
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(From Lawrence TS, Kessler 
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oncology, vol 29, 3-D 
conformal radiotherapy. 
Basel, Switzerland: Karger, 
1996:57—66, with permission.) 


Because 3-D CRT plans provide both dose and volume information, the traditional 
practice of determining the "best plan" is extremely difficult (9,21). For example, it is 
not clear which degree of dose uniformity in the PTV can be tolerated as dose levels 
are escalated using 3-D CRT, or how high of a dose can be tolerated by a small 
portion of a normal structure. 
Researchers are developing biophysical models that attempt to translate dose- 
volume information into estimates of biologic impact, such as tumor control probability 


and normal tissue complication probability models. 


Digitally Reconstructed Radiographs 


DRRs are computer-generated projection images produced by mathematically 
passing divergent rays through a CT data set and acquiring x-ray attenuation 
information along the rays during 3-D RTP; they are essential for implementing 3-D 
CRT (11,32). 
The method for calculating DRRs is described in detail elsewhere (32). 


e The DRR serves as a reference image for transferring the 3-D treatment plan to the 
clinical setting; thus, its role is similar to that of a simulation film (28). 

e DRR images can be printed on film using laser cameras and stored in the patient's 
film jacket just as if they were physical radiographs. 


Intensity-Modulated Radiation Therapy 


e _Intensity-modulated radiation therapy (IMRT) is a cutting-edge technology that can 
precisely deliver radiation to the target area while sparing surrounding normal tissues. 

e In IMRT, the beam intensity varies across the treatment field. Rather than being 
treated with a single, large, uniform beam, the tumor is treated with many very small 
beams with different intensities. Multiple small beams of variable intensity are 
achieved by use of a MIMiC multileaf collimator or dynamic multileaf collimator. 

e The modulator of the radiation beam, MIMiC, consists of 40 leaves in two rows of 20, 
each defining a beam approximately 1 cm square. By cross-firing the tumor with 
these beams, the dose to the tumor is uniform, but surrounding tissues receive a 
significantly lower radiation dose. 

e In contrast, conventional 3-D CRT uses radiation beams of uniform intensity. Its 
limitation is seen when a tumor is wrapped around an organ. Beams of uniform 
intensity usually cannot safely separate the tumor from the adjacent normal organ. 

e With advances in IMRT technology, more precise separation of the target volume 
from adjacent tissue, such as in the spinal cord, is now feasible (Fig. 4-8). 
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Fig. 4-8: Coronal dose distribution for treatment with intensity-modulated radiation therapy 
(6-MV x-rays, Nomos Peacock System, NOMOS; Sewickley, PA) in a patient with stage T3 
carcinoma of the nasopharynx with left oropharyngeal extension. 


Quality Assurance for Three-Dimensional Conformal Radiation Therapy 
and Intensity-Modulated Radiation Therapy 


e The precision and accuracy required for the 3-D treatment planning process exceed 
accepted tolerances generally found in 2-D treatment planning. 

e A3-D CRT quality assurance program must address all of the individual procedures 
that make up the 3-D process, including systematic testing of the hardware and 
software used in the 3-D treatment planning process and careful review of each 
patient's treatment plan and its physical implementation (14). 

e The 3-D CRT quality assurance program requires the active involvement of 
physicists, dosimetrists, physicians, and radiation therapists (28). 


Future Directions in Three-Dimensional Conformal Radiation Therapy 
and Intensity-Modulated Radiation Therapy 


e One of the most important improvements will be in the increased use of multimodality 
imaging to more accurately define the GTV and CTV. MRI, MR angiography and 
spectography, SPECT, and PET increasingly will be used to supplement CT data. 

e Software for contouring normal structures and target volumes and virtual simulation 
that previously required a significant investment of time and effort by the radiation 
oncology staff will continue to be improved. 

e Use of Monte Carlo calculations to account for the effects of scattered photons and 
secondary electrons appears promising; it is likely that Monte Carlo—based algorithms 
will be practical for clinical 3-D RTP early in this century (28). 

e Computer-controlled 3-D CRT delivery systems (e.g., beam intensity modulation) will 
require that the planning system generate the computer files needed to implement the 
3-D CRT technique. Integrated on-line electronic portal imaging, dose monitoring, 
verify and record, and computer-controlled feedback systems will play a role in 
verifying 3-D CRT treatments (2). 

e The advantage of 3-D CRT, with its inverse treatment design, is easily demonstrated 
in planning exercises; however, we must show that this advantage translates to 
improved outcome in prospective clinical trials. 

e Integrated 3-D technology likely will lead to improved efficiency of planning, delivery, 
and verification procedures, which will result in lower overall costs of radiation therapy 


(2,28). 
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Introduction 


e _Intensity-modulated radiation therapy (IMRT) is capable of generating complex three-dimensional dose 
distributions to conform closely to the target volume, even in tumors with concave features. With IMRT, 
the beam intensity (fluence) is optimized, using computer algorithms, as it is oriented around the patient 
(7). 

e This form of computer algorithm considers not only target and normal tissue dimensions, but also user- 
defined constraints such as dose limits. This process is based on the "inverse methoa" of treatment 
planning and is capable of generating significant dose gradients between the target volume and adjacent 
tissue structures to accomplish the intended dose-volume prescription (1). 

e Because of this specific feature, a precise mechanical system to deliver and validate the intended 
radiation dose to the desired area is crucial. An inverse prescription guideline that optimizes tumor target 
coverage and normal tissue sparing is another pertinent component of IMRT treatment. 

e Inthis chapter, we describe our experience in implementing a tomotherapy-based IMRT system at the 
Mallinckrodt Institute of Radiology, Washington University School of Medicine, St. Louis, Missouri. 


Basic Physical Principles of Intensity-Modulated Radiation Therapy 


e For IMRT delivery, the fluence is to be modulated as a function of entry angle for each point within the 
target volume. The dose at any point within the patient will be generated by a series of beamlets incident 
on that point, each with a unique entry angle. 

e The radiation fluence can be modulated within the cone beam using a physical modulator, a scanning 
dynamic multileaf collimator (MLC), a scanning bremsstrahlung photon beam, or a combination of these 
techniques. 

e Alternatively, the accelerator can be operated using dynamic motion of one or more of the angular 
degrees of freedom (couch, collimator, and gantry). 


Inverse Treatment Optimization and Criterion 


e Reported optimization methods include (a) exhaustive search, (b) image reconstruction approaches, (c) 
quadratic programming, and (d) simulated annealing. 

e The optimization criterion is expressed as a mathematical entity in the form of an objective or cost 
function. The objective function defines a plan's quality and is to be maximized or minimized, as 
appropriate, to satisfy a set of mathematical constraints. 

e Plan optimization criteria historically have been based on dose parameters, but recent efforts are 
examining the use of biologically based indices (e.g., tumor control probability and normal tissue 
complication probability) (2,5). 


Intensity-Modulated Radiation Therapy Treatment Delivery Systems 


e Robotic pencil beam: Robot-mounted linear accelerators producing fairly narrow photon beams that 
move around the patient. 

e Rotary fan beam with intensity modulation: A commercial implementation of a fan-beam approach to 
IMRT, using a mini-MLC system that is mounted to an unmodified linear accelerator. Treatment is 
delivered to a narrow slice of the patient using arc rotation (3). 

e The beam is collimated to a narrow slit, and beamlets are turned on and off by driving the mini-MLC 
leaves in and out of the beam path, respectively, as the gantry rotates around the patient. A complete 
treatment is accomplished by sequential delivery to adjoining slices. This type of IMRT system (Peacock, 
NOMOS Corp., Sewickley, PA) has been implemented at Mallinckrodt Institute of Radiology since 1997, 
and over 250 patients have been treated. 

e Alternatively, a system that can generate tomographic images while receiving fan-beam tomotherapy on 
a megavoltage linac, with the patient in the treatment position, is under development (9). 


Fixed Field Dynamic Multileaf Collimator 


e For this type of IMRT, the MLC is operated in a dynamic mode in which the gap formed by each 
opposing leaf sweeps under computer control across the target volume to produce the desired fluence 
profile. 


Fixed Field with Compensating Filter 


e Filters can be designed by calculating a thickness along a ray line using an effective attenuation 
coefficient for the filter material. The filter construction process can be automated using numerically 
controlled milling machines, and generates the desired IMRT fluence profile. 

e Comparisons of IMRT dose distributions delivered using physical modulators and MLC-based 
approaches are under investigation, with indications that the dose distributions provided by these 
modalities are similar (10). 


Patient Immobilization and Image Acquisition 


e At Mallinckrodt Institute of Radiology, a noninvasive immobilization method is used. The patient is placed 
in the supine position on a custom-made head support and a reinforced thermoplastic immobilization 
mask is placed around the head (see Color Fig. 5-1). This procedure allows precise repositioning over 
the course of treatment (6). 

e A volumetric computed tomography image was acquired from a dedicated computed tomography 
simulator with the patient immobilized in the treatment position (Picker AcQsim; Picker International, St. 
Davids, PA), and the data were transferred to an inverse planning system (Peacock treatment planning 
system; NOMOS Corp., Sewickley, PA.). 

e The scan slice thickness was 3 mm throughout the region containing the tumor target. Regions superior 
and inferior to the tumor target were scanned with a slice thickness of 5 mm. Intended target volumes 
representing gross and microscopic tumor and organs at risk were defined on the prescription page of 
the inverse planning system. 

e For quality assurance purposes, a system has been developed to verify the origin (isocenter) of the first 
index, and 8 cm caudal to the first index. The latter is to assure that the setup position of the neck (spinal 
cord) is correct. Double-exposure portal films were obtained weekly and compared with the 
corresponding digitally reconstructed radiograph from initial simulation (Fig. 5-2). 


Fig. 5-1: Noninvasive immobilization 
system for intensity-modulated 
radiation therapy. The patient was 
placed in the supine position on a 
custom-made head support with a 
reinforced thermoplastic 
immobilization mask. A computed 
tomography simulation was 
performed. 
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Fig. 5-2: A: A digitally reconstructed 
radiograph of lateral projection 
depicts a representative arc through 
nasopharynx and sphenoid sinus. B: 
A double-exposure portal film taken at 
the same geometry from the linear 
accelerator corresponds to the 
digitally reconstructed radiograph. 


Specification of Prescription Dose 


e The desired minimum dose to target(s) and the maximum allowable dose to nontarget structures are 
defined in the prescription. Unlike conventional beam arrangement, the isocenter of each treatment 
segment may not be located within the target. Therefore, the dose is specified to each target volume. 

e Table 5-1 shows examples of dose prescriptions for head and neck cancer. Prescribed fraction size for 
the primary target was set to 1.9 Gy to increase the minimal fraction size in the lower-risk region to 1.5 


Gy. 

e To compensate for decrease in daily fraction dose to the secondary or tertiary targets, the biologically 
equivalent dose was implemented, using a linear-quadratic model. An a/B ratio of 10 Gy was used to 
convert tumor target dose. 

e Based on our institutional treatment guidelines for head and neck cancer, and depending on tumor 
volume, target doses were defined into four categories. Low-risk regions included primarily a 
prophylactically treated region. Intermediate-risk regions were those adjacent to the gross tumor but not 
directly involved by tumor. High-risk regions included the surgical bed with soft tissue invasion by the 
tumor or extracapsular extension by metastatic lymph nodes (3). 


Table 5-1: Target dose specification with biologically equivalent dose (BED) 
correction for head and neck cancer—Washington University guideline 


Intensity-modulated radiation therapy 


Gross 
(residual) High-risk Intermediate-risk 
Target 3-D tumor (37 postoperative (35 | postoperative (32 
volume Dose/fraction fractions) fractions) fractions) 
Low risk 50.4/1.8Gy 55.5/1.5 Gy 54.25/1.55 Gy 52.8/1.65 Gy 
Intermediate (59.4/1.8Gy 62.9/1.7 Gy 61.25/1.75 Gy 60.8/1.9 Gy 
risk 
High risk 66.6/1.8Gy — 66.5/1.9 Gy — 
Gross 70.2/1.8 Gy 70.3/1.9 Gy — — 
(residual) 
tumor 


Target Delineation 


e Execution of IMRT requires proper knowledge of the volumes to be irradiated, based on clinical, 
pathologic, and radiologic information, in addition to accurate delineation of these volumes on a three- 
dimensional basis. 


Color Figures 5-3 and 5-4 are examples of IMRT target definitions for head and neck cancer and cervical cancer. 
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Radiosurgery Techniques 


e For most techniques, a stereotactic frame is fixed to the patient's skull, providing 
highly accurate fiducial landmarks that allow for stereotactic localization of intracranial 
targets after cross-registration with neuroimaging studies, such as magnetic 
resonance (MR) imaging, computed tomography (CT), or angiography (15). 

e The frame provides the basis by which a target can be identified in the image study 
set with respect to the stereotactic frame and specified in an X-, Y-, Z-coordinate 
system after cross-registration with neuroimaging studies. This coordinate system is 
used during target localization to define the shape and extent of the lesion to be 
treated (14). 

e A target can be selected on the radiographic image and its localization with respect to 
the stereotactic frame determined in an X-, Y-, Z-coordinate system. It is used during 
target localization studies (MR imaging, CT, angiography). 

e Stereotactic external beam irradiation (SEBI) differs from conventional external-beam 
irradiation in several important respects: 


1. Small volumes of 1 to 30 cm? are treated. 

A single fraction of radiation is usually delivered. Some institutions deliver more than 
one fraction, but this approach is still being evaluated. 

3. Extra precision with target localization and treatment geometries is required. 

4. High-dose gradients at field edges minimize dose deposition outside the target 
volume (Fig. 6-1). The volume of tissue beyond the target that receives significant 
dose is strongly dependent on target size and the conformity of the isodose to the 
target. 


Beams intersect at a common point within the skull after entering through points distributed 
over the surface of the skull. Three-dimensional distribution of beams reduces the volume of 
normal tissue receiving moderate or high doses of radiation. 


WIDTH (mm) 


Fig. 6-1: Representative static-beam dose profiles in water from Barnes-Jewish Hospital, 
St. Louis, MO. Varian Clinac 6/100 beams modified by divergent secondary circular 
collimators (8). Curves correspond to apertures with 15- (dotted line), 20- (dash-dot line), 
25- (solid line), and 30-mm (dashed line) diameters. The dose gradient is typically 
approximately 15% per mm at the field edge. [From Wasserman TH, Rich KM, Drzymala 
RE, et al. Stereotactic irradiation. In: Perez CA, Brady LW (eds). Principles and practice of 
radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:387—404, with 
permission.] 


Indications for Radiosurgery 


e Indications for radiosurgery include the presence of a suitably sized (generally less 
than 4 cm), radiographically distinct lesion that has the potential to respond to a 
single, large dose of radiation. 

e The largest worldwide experience has been in the treatment of arteriovenous 
malformations (AVMs). Primary and metastatic brain tumors also have been treated. 

e ideal target volumes for radiosurgery are nearly spherical and small (less than 3 cm 
in maximum dimension). 

e = Irregular volumes may require treatment to multiple isocenters to shape a selected 
isodose surface to conform to the target volume. 


Radiosurgery Systems 


e A radiosurgery system consists of a stereotactic frame, a radiation delivery system, 
and computer hardware and treatment planning software. 

e Combined with the use of a conventional MR or CT scanner, the system allows 
accurate determination of target size and location, treatment planning, and delivery of 
radiation. 

e Different systems that meet these requirements equally should produce equivalent 
outcomes in similar groups of patients. 


Gamma Knife 


e The gamma-knife system requires a large capital purchase of approximately $3.5 
million, with construction of new space. The cobalt sources decay and need to be 
replaced, at a high cost, after 7 years. 

e The gamma knife has no other known uses beyond stereotactic radiosurgery. 

e The gamma-knife unit contains 5,500 to 6,000 Ci of cobalt, distributed in 201 sources 
over a portion of a hemisphere in such a way that circular beams from collimators 
may enter the skull through a large number of points distributed relatively uniformly 
over the convexity. 

e The gamma knife consists of a permanent 18,000-kg shield surrounding a 
hemispheric array of cobalt sources. 

e Four interchangeable outer collimator helmets with beam diameters of 4 to 18 mm 
are used to vary the target volume. Individual collimators may be plugged in to 
conform the dose distribution to the target shape. It produces a target size of 
approximately 3 to 18 mm, with a target accuracy of 0.1 mm. 


Linac-Based System 


e A linear accelerator (linac) can be modified to perform stereotactic irradiation at a cost 
of $50,000 to $300,000, depending on whether external treatment planning devices 
need to be purchased. 

e The linac can give a target size of 10 to 50 mm, with a target accuracy of 0.1 to 1.0 
mm. 

e _Linacs have been applied for radiosurgery in various ways: (a) A gantry rotates 
through an arc for each of several stationary couch angles; (b) in dynamic 
stereotactic radiosurgery, the gantry and couch move simultaneously, and the 
resulting points of beam entry on the convexity of the skull resemble the seam on a 
baseball, with the advantage that beam entrance and exit doses do not overlap; and 
(c) a rotating chair aligns and immobilizes the patient's head in a stationary radiation 
beam. 

e A film technique allows verification of all positioning adjustments after the coordinates 
of the isocenter are determined. 


Target Volume Determination and Localization 


e The technique used to determine target volume to be treated depends on the type of 
lesion. 


Arteriovenous Malformations 


e The target volume should include the entire nidus of the vascular lesion, which can be 
visualized with radiographic angiograms, MR imaging, or CT. 

e It is important to include MR imaging or CT to accurately conform treatment plans 
with the three-dimensional shape of the nidus, while avoiding excessive irradiation to 
surrounding brain. 


Neoplasms 


e MRimaging or CT is used to define treatment volumes for neoplastic lesions. 

e Potential limitations include errors of localization or lack of knowledge of the actual 
(rather than apparent) extent of the lesion, especially with infiltrative glial neoplasms. 

e Appearance of gross tumor in an image study provides the basis for defining target 
volumes in the brain. 

e Positron emission tomography, or single-photon emission computed tomography, is 
not routinely used as the primary imaging modality for stereotactic localization 
because of poor spatial resolution and inconsistency in determining tumor margins. 


Arteriovenous Malformations 


e AVMs may be symptomatic as a result of seizure disorders, vascular steal from 
surrounding tissue, or intracranial hemorrhage. 

e Hemorrhage is the most dangerous complication. AVMs bleed at a rate of 2% to 4% 
per year (5). The mortality associated with a bleed is generally 10% to 15%. 

e The best treatment option is to surgically resect the AVM, if it can be done with 
acceptable morbidity (6). A second treatment modality is endovascular embolization. 

e The radiosurgery principles applicable to AVMs are similar to those established for 
surgery. The goal is to remove the nidus of the AVM from the circulation while 
preserving surrounding brain parenchyma. 

e AVMs respond to doses of 15 Gy or lower in a certain number of cases. Doses closer 
to 20 to 25 Gy may provide greater responses but also may be associated with a 
higher incidence of radiation-induced complications. 

e It is reasonable to obtain 6- to 12-month serial CT or MR imaging scans of the 
vascular lesion. 

e The posttreatment angiogram must show complete obliteration of the nidus of the 
AVM to predict a "cure." 

e Irradiation of AVMs can lead to intimal proliferation and vascular occlusion. Small 
vessels are occluded more easily than large ones. 

e Radiosurgery of AVMs may lead to an intense gliosis around the malformation, 
possibly producing endarteritis obliterans. 

e Some doses are selected so that the dose at the 80% isodose surface (which 
encloses the target volume) lies near the 1% brain necrosis line. 

e Most AVMs have been treated with doses of 12 to 25 Gy, depending on size and 
location. For small lesions treated with a single isocenter, the dose at the periphery 
(approximately 25 Gy) corresponds to the 80% to 90% isodose surface. For 
somewhat larger lesions (collimator sizes less than 18 mm), more than one isocenter 
is used. In this situation, the dose at the periphery (approximately 20 to 25 Gy) 
corresponds to the 50% to 60% isodose surface. 

e Steiner (12) reported 2-year complete and partial angiographic response rates of 87% 
and 11%, respectively. 

e There has been no consistent statistically significant change in the rate of 
intracerebral hemorrhage in most reports after radiosurgery for AVMs, as compared 
with the rate of hemorrhage predicted by the natural history. 

e Kjellberg (7) described neurologic complications in 9 of 444 patients (2%), with 
improvements in complication rates attributed to changes in dose and field size. 


Gliomas 


e Both low- and high-grade gliomas have been treated with SEBI. 

e The Joint Center for Radiation Therapy reported similar median survival results with 
either SEBI or brachytherapy for recurrent malignant gliomas (10.9 months versus 
10.2 months) (11). 


e A prospective trial by the Radiation Therapy Oncology Group (RTOG 95-03) is 
currently accruing glioblastoma multiforme patients with postoperative tumor volumes 
of 4 cm or less to be randomized to SEBI boost or no boost. 


Brain Metastases 


e The second most common indication for SEBI is primary or secondary treatment of 
brain metastases. 

e With a median prescribed dose of 15 to 30 Gy, local control rates were 65% to 94%, 
and median survival was 6 to 12 months (1). 

e RTOG has opened a phase III trial (95-08) of conventional irradiation (37.5 Gy in 15 
fractions) followed in 1 week by an SEBI boost dose, depending on lesion size (up to 
three brain metastases). 

e Cost is less than with surgical treatment. 


Meningiomas 


e A linac radiosurgery report from Rome showed the results of radiosurgical 
management of 72 middle fossa meningiomas; 50 patients showed shrinkage of 
tumor from 24% to 91% of the initial tumor volume (13). 


Acoustic Neuromas 


e Acoustic neuroma (vestibular schwannoma) is the most frequent cause of the 
cerebellopontine angle syndrome (8). 

e Tumors involve the vestibular portion of cranial nerve VIII. More than half of the 
patients have facial weakness, disturbance of taste, and facial sensory loss; deafness 
and vestibular dysfunction also may occur. 

e The surgical goal is complete removal via the suboccipital, translabyrinth, or, rarely, 
middle cranial fossa approach. 

e SEBI recently has been recognized as an acceptable alternative to surgical resection 
of acoustic neurinomas, especially for patients with hearing loss or significant 
comorbid medical conditions. Long-term control rates are as high as 85%. 

e The peripheral tumor dose is usually 18 to 25 Gy, depending on lesion size and 
patient age. 

e The Pittsburgh group reported on 26 patients with a median follow-up of 13 months 
and a tumor response of 42% (9,10). 


Imaging Studies after Radiosurgery 


e Beginning at approximately 6 months after radiosurgery, MR imaging is useful for 
monitoring the possible development of edema or signs of radiation damage. 

e AVM patients can be followed with MR and stereotactic angiography. 

e Positron emission tomography recently has emerged as a useful way to differentiate 
tumor from necrosis in previously irradiated patients. It also may have potential for 
evaluating recurrent brain tumors for malignant degeneration (4) and predicting 
prognosis after therapy (2). 
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Total-Body Irradiation 


e =©Total-body irradiation (TBI) has been used as a form of systemic therapy for various 
malignant diseases since the turn of this century. 


Applications 
Immunosuppression 


e Low-dose TBI (less than 2 Gy given as a single fraction or multiple 0.05- to 0.15-Gy 
fractions given 2 to 5 times per week) has been used for patients with autoimmune 
diseases (8). 

e In allogeneic bone marrow transplantation (BMT), a higher dose (greater than 9.5 Gy) 
is often required to prevent graft rejection, if it is used alone (21). 

e When patients with aplastic anemia are prepared for BMT, a single dose of 3 Gy is 
used in conjunction with cyclophosphamide to reduce the probability of graft rejection 
(9). 


Low-Dose Systemic Therapy for Chronic Lymphocytic Leukemia and Non-Hodgkin's 
Lymphoma 


e Patients receive 0.05 to 0.15 Gy 2 to 5 times per week for leukocytosis. 
e Itis generally recommended to give 4 to 8 weeks off after each 0.5-Gy TBI to avoid 
severe thrombocytopenia (7). 


High-Dose Cytoreductive Therapy before Bone Marrow or Peripheral Blood Stem Cell 
Transplantation 


e Shank et al. (19) used 1.2 Gy given 3 times per day, as well as partial lung blocks to 
protect the lungs. Use of this hyperfractionation schedule has reduced the incidence 
of interstitial pneumonitis to 33%, compared to 70% with single-dose TBI (10 Gy). 


Technique 


e The general dosimetry approach recommended by the American Association of 
Physicists in Medicine (AAPM) (22) for calibration is a three-step process: (a) An 
absolute calibration of the radiation beam using the AAPM TG-21 protocol (1) for 
large-field geometry at TBI distance must be determined; (b) this dose must be 
corrected so that it represents the dose that would be obtained under full scattering 
conditions; and (c) corrections should be made for patient dimensions in terms of the 
area of the patient intersecting the radiation beam and patient thickness. 

e Blankets provide an 8-mm tissue-equivalent bolus. 


A 2-cm-thick Plexiglas screen placed approximately 10 cm from the patient as the 
source of scattered electrons provides near-maximum dose to the skin for both 6- and 
18-MV x-rays. 

Dose rate lower than 0.05 Gy per minute is expected to reduce the incidence of 
interstitial pneumonitis. 


Complications 


Low-Dose Total-Body Irradiation 


The major side effect of low-dose TBI is thrombocytopenia, which usually occurs after 
doses exceeding 1.0 to 1.5 Gy (12). 


High-Dose Total-Body Irradiation 


Nausea, vomiting, and diarrhea are the most common early side effects with a single 
fraction of 8 to 10 Gy of TBI (11). 

Dry mouth, reduction in tear formation, and sore throat develop within 10 days. 

A side effect that is unique to TBI is parotitis, which usually occurs after the first day 
of irradiation and subsides in 24 to 48 hours (6). 

Venoocclusive disease of the liver, characterized by hepatic enlargement, ascites, 
jaundice, encephalopathy, and weight gain, occurs in 10% to 20% of patients (2). 
Interstitial pneumonitis occurred in approximately 50% of BMT patients who received 
a single large fraction of TBI; approximately half of these patients died of this 
complication (13). Use of fractionated or low-dose-rate TBI has greatly diminished its 
incidence (3). Approximately 26% of interstitial pneumonitis cases are directly 
attributed to TBI or chemotherapy; 42% are associated with cytomegalovirus (15). 
The median time to diagnosis of interstitial pneumonitis is approximately 2 months. A 
dose-response curve for interstitial pneumonitis based on the experience at Toronto, 
using high dose rates of 0.5 to 4.0 Gy per minute, is steep and indicates that the 
onset of radiation pneumonitis occurs at approximately 7.5 Gy (absolute dose, which 
is 10% to 24% higher than uncorrected dose), with the 5% actuarial incidence 
occurring at approximately 8.2 Gy (23). The sigmoidal complication curve rises 
dramatically, demonstrating a 50% and 95% incidence at 9.3 and 10.6 Gy, 
respectively. 

Approximately 85% of patients who receive a single, large dose of TBI develop 
cataracts in 11 years; the incidence is 34% when 12 Gy of fractionated TBI is used 
(4). 

High-dose TBI produces primary gonadal failure in almost all patients. Thyroid 
dysfunction has been observed in approximately 43% of patients (20). Deterioration 
of renal function occurs in most patients undergoing BMT (5). 

The risk of developing a second tumor 10 years after intensive chemoirradiation and 
BMT is estimated to be approximately 20% (3). 


Hemibody Irradiation 


Hemibody irradiation (HBI) was developed as a method to treat patients with 
disseminated tumors involving multiple sites (10). 

Prospective randomized trials by the Radiation Therapy Oncology Group (RTOG) 
showed that single high-dose HBI is as effective as conventional fractionated 
irradiation in achieving pain control in patients with multiple metastases (18). The 
most effective HBI doses found by the RTOG study were 6 Gy for upper HBI and 8 
Gy for lower and middle HBI, with 80% pain improvement in 1 week. Doses beyond 
these levels do not appear to increase pain relief or duration of relief or give a faster 
response. 


e Poulter et al. (16) reported the results of RTOG 82-06, which compared half-body 
irradiation added to local irradiation with local radiation therapy alone, and showed 
that adjuvant single-dose, half-body irradiation delayed the progression of existing 
disease, reduced the frequency of new disease (68% versus 50%), and delayed (as 
well as reduced) the need for retreatment (78% versus 60%). When prostate cancer 
patients in this trial were analyzed separately, there was also a trend toward survival 
benefit at 1 year (44% versus 33%) in favor of the patients who received half-body 
irradiation (14). 

e When treatment of the other half of the body is indicated, it is advisable to wait 6 to 8 
weeks to allow for sufficient recovery of blood cells (10). 


Technique 


e Subtotal body irradiation is usually divided into upper, lower, and middle HBI (Fig. 7- 
1). 

e Aline passing across the bottom of L-4 is commonly used to separate upper and 
lower HBI (17). 


e When upper HBI is given, appropriate lung blocks should be used to limit the midline 
lung dose to less than 7 Gy. 


Fig. 7-1: The most commonly used 
hemibody irradiation 

Upper HBI fields (HBls). (From Lin H-S, 
Drzymala RE. Total body and 
hemibody irradiation. In: Perez CA, 
Brady LW, eds. Principles and 
practice of radiation oncology, 3rd 
ed. Philadelphia: Lippincott-Raven, 
1998:333-342, with permisison.) 


Middle HBI 


Lower HBI 


Sequelae 


e Hematologic toxicity (bone marrow depression) usually disappears in 4 to 6 weeks. 
e Potentially fatal interstitial pneumonitis can be avoided if the dose of upper HBI is 
limited to 6 Gy. 
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Irradiation Fractionation Regimens 


Conventional fractionation consists of daily fractions of 1.8 to 2.0 Gy, 5 days per 
week; the total dose is determined by the tumor being treated and the tolerance of 
critical normal tissues in the target volume (usually 60 to 75 Gy). 

Hyperfractionation uses an increased total dose, with the size of dose per fraction 
significantly reduced and the number of fractions increased; overall time is relatively 
unchanged (Table 8-1). 

Quasi-hyperfractionation is the same as hyperfractionation, except that total dose is 
not increased. 

In accelerated fractionation, overall time is significantly reduced; the number of 
fractions, total dose, and size of dose per fraction are unchanged or somewhat 
reduced, depending on the overall time reduction. 

Quasi-accelerated fractionation is the same as accelerated fractionation, except that 
overall time is not reduced because of treatment interruption, which defeats the 
rationale of accelerated fractionation. 

Accelerated hyperfractionation has features of both hyperfractionation and 
accelerated fractionation. 

Concomitant boost is an additional dose delivered 1 or more times per week to 
selected target volumes (i.e., gross tumor volume) through smaller field(s), along with 
the conventional dose to larger irradiated volumes. 

To achieve an increase in tolerance of late-responding tissues through dose 
fractionation, the time interval between the dose fractions must be long enough (6 
hours) to allow cellular repair to approach completion. 

Two Radiation Therapy Oncology Group (RTOG) reports showed an increased rate 
of late complications with hyperfractionated protocols when the mean interfraction 
interval was less than 4.5 hours (3). Most protocols now stipulate a minimum 6-hour 
interval between dose fractions. Clinical data suggest that this is adequate for normal 
tissues other than the spinal cord. 


Table 8-1: Comparison of various fractionation schedules 


Accelerated 
Conventional | Split-course fractionation Hyperfractionation 
Indication, in Average Average or Rapid Slow (with large cell loss 
tumors, of slow factors) 
growth rate | 
Normal tissue (Standard Standard or (Greater Standard or greater 
effects, acute greater 
Normal tissue Standard Greater Standard (if Lower 
effects, late complete repair 
of sublethal 
damage occurs) 
or greater 
Advantages = Shorter actual |Destroys more (?) Lower OER (4) with 
treatment tumor cells; small doses; spares late 
time (fewer prevents tumor (damage; allows 
fractions) cell repopulation; |reoxygenation; allows 
less overall stem cell repopulation 
treatment time 
Disadvantages — May permit (— More fractions 
tumor 


repopulation 


OER, oxygen enhancement ratio. 


Overall Time 


e The intensity of acute reactions is determined primarily by the rate of dose 
accumulation (daily dose fractionation). 

e The importance of the dose per fraction is a reflection of the biologic fact that acute 
reactions represent a deficit in the balance between the rate of cell killing by radiation 
and cell regeneration from surviving stem cells. 

e After the stem cell population is depleted to the point at which it is unable to renew 
the functional layers of the epithelium, the acute reaction peaks, and further 
depopulation produces no increase in severity of the reaction. 

e The time taken to heal depends on total dose, provided the weekly dose rate exceeds 
the regenerative ability of the surviving stem cells. This is because healing is a 
function of the absolute number of stem cells surviving the course of treatment, and 
the higher the total dose, the fewer stem cells will survive. 

e Curability of many cancers (particularly squamous cell carcinomas) is highly 
dependent on overall treatment time; this has been interpreted in terms of 
accelerated regeneration of surviving tumor clonogens. 

e Evidence for accelerated regeneration of surviving tumor cells after therapeutic 
intervention comes from three observations: time-to-recurrence data for tumors not 
sterilized by radiation therapy, comparison of split-course and continuous-course 
treatment regimens, and analysis of tumor control doses as a function of time (with 
correction for fraction size differences) (22). 


Split-Course versus Continuous-Course Treatment 


e Inferior results were found with split-course treatment for head and neck cancer, 
compared to continuous-course treatment, when daily and total doses were not 
adjusted to compensate for treatment interruptions (15). 


e Approximately 0.6 Gy per day is needed to compensate for a prolongation in 


treatment time (7). 


Linear-Quadratic Equation 


e The linear-quadratic equation is internally consistent for a wide range of tissue types 


and end points. 


e Clinical application of the model for derivation of new fractionation schedules is 
limited by a lack of precise estimates of o/B. 
e The a/B ratios of available human data are consistent with experimentally determined 
a/ß ratios, with wide confidence limits (Table 8-2). 


Table 8-2: a/B ratios for human normal tissues and tumors 


Tissue or organ 
Early reactions 
Skin 


Oral mucosa 

Late reactions 
Skin/vasculature 
Subcutis 
Muscle/vasculature/cartilage 
Nerve 


Spinal cord 
Eye 

Bowel 
Lung 


Head and neck 
Oral cavity and oropharynx 
Tumors 

Head and neck 
Larynx 
Vocal cord 
Oropharynx 
Buccal mucosa 
Tonsil 
Nasopharynx 

Skin 

Melanoma 

Liposarcoma 


End point 
Erythema 
Desquamation 
Mucositis 


Telangiectasia 
Fibrosis 

Impaired shoulder movement 
Brachial plexopathy 
Brachial plexopathy 
Optic neuropathy 
Myelopathy 
Corneal injury 
Stricture/perforation 
Pneumonitis 
Fibrosis (radiologic) 
Various late effects 
Various late effects 


a/p (Gy) 


8.8-12.3 
11.2 
8-15 


2.6-2.8 
1.7 

3.5 
<3.5° 
wd 

1.6 
<3.3 
2.9 

3.9 

3.3 

3.1 
3.5-3.8 
0.8 


14.5° 
ie 
~16° 
6.6 
7.2 
16 
8.5° 
0.6 
0.4 


“Studies related to these data may be found in the original publication. 
’Reanalysis of original published data. 


Compiled by Bentzen and Thames (unpublished). See also Thames HD, Bentzen SM, 
Turesson |l, et al. Time-dose factors in radiotherapy: a review of the human data. Radiother 
Oncol 1990;19:219. 


Modified from Joiner MC, van der Kogel AJ. The value of a/ß. In: Steel GG, ed. Basic clinical 
radiobiology, 2nd ed. London: Arnold, 1997:111. 


Hyperfractionation 


e Small dose fractions allow higher total doses to be administered within the tolerance 
of late-responding normal tissues, and a higher biologically effective dose can be 
delivered to the tumor. 

e Radiosensitization is achieved through redistribution and lesser dependence on 
oxygen effect. 

e More severe acute reactions occur than with conventional fractionation, but a 
therapeutic gain should be realized in tumors with large a/B ratios. 


Accelerated Fractionation 


e Reduction in overall treatment time decreases the opportunity for tumor cell 
regeneration during treatment and increases the probability of tumor control for a 
given total dose. 

e Because overall treatment time has little influence on probability of late, normal tissue 
injury (provided the size of the dose per fraction is not increased and the interval 
between dose fractions is sufficient for complete repair to take place), a therapeutic 
gain should be realized. 

e When overall duration of treatment is markedly reduced, the total dose must be 
reduced as well, to prevent excessively severe acute reactions. Therapeutic gain is 
realized only if the dose equivalent of regeneration of tumor cells during the time by 
which treatment is shortened exceeds actual reduction in dose mandated by 
maximum tolerated dose for acute reactions. 

e Type A accelerated fractionation is an intensive short course of treatment; overall 
duration of treatment is markedly reduced, and total dose is substantially decreased. 

e In types B and C, duration of treatment is more modestly reduced, and total dose is 
kept in the same range as conventional treatment by using split-course or 
concomitant-boost technique. 

e Intype D accelerated fractionation, the total dose delivered per week progressively 
increases during treatment; less-intensive therapy at the outset of treatment 
stimulates a regenerative response in normal mucosa so that it can better tolerate 
more intensive treatment as course progresses. There is a slightly greater reduction 
in overall time (without decreasing total dose) than with types B or C. 

e Techniques are differentiated on the basis of the strategy adopted to circumvent 
intolerable acute reactions: Type A, reduction in dose; type B, break in treatment; 
type C, reduction in volume of mucosa exposed to accelerated treatment; type D, 
stimulation of mucosal regenerative response by starting with a milder fractionation 
schedule (3) (Fig. 8-1). 


Conventional: ~70 Gy / 35-38 fx / 7-7.5 wks 


TTT 


Type A: 54 Gy/36 fx/ 12 days (CHART) 


Type B: 67.2 Gy/42 fx/ 6 wks (Split Course) | ll | | | | | | | 
Type C: 72 Gy/42 fx/ 6 wks ü [TTT] [TTT] 


(Concomitant Boost) 


Type D: 76 Gy/54 fx/5 wks 
(Escalating Dose) 


Fig. 8-1: Conventional and accelerated fractionation schedules. For each regimen, large- 
field treatment is depicted by bars above horizontal line and boost-field irradiation by bars 
below the line. Fx, fraction. (From Ang KK, Thames HD, Peters LJ. Altered fractionation 
schedules. In: Perez CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd 
ed. Philadelphia: Lippincott-Raven, 1998:119-142, with permission.) 


Clinical Studies 
Predominantly Hyperfractionation: Phase | and II Studies 


e |n head and neck studies, 2 daily fractions of 1.1 to 1.2 Gy were used, with 
interfraction intervals of 3 to 8 hours. Increased mucosal reactions were associated 
with improved tumor control; there was an increased risk of late complications with 
total doses over 76.8 Gy (17,21). 

e In four brainstem glioma studies (2 daily fractions of 1.00 to 1.26 Gy, minimum 4-hour 
interfraction interval), there was no increase in brainstem necrosis; median survival 
time improved in one study (14). 

e Inthe RTOG 83-11 lung cancer study (2 daily fractions of 1.2 Gy, minimum 4-hour 
interfraction interval, total doses of 60.0 to 79.2 Gy), no dose response for survival 
was noted; best survival (29% at 2 years) was with a total dose of 69.6 Gy in a subset 
of patients with favorable presentation. There was a trend toward an increased 
incidence of severe complications at the highest dose level (8). 

e An RTOG bladder dose-escalation protocol (2 daily fractions of 1.2 Gy, minimum 4- 
hour interfraction interval, total dose of 60.0 to 69.6 Gy) reported a 10% 2-year 
actuarial incidence of grade 3 and 4 late complications, suggesting that tolerance of 
pelvic organs may be significantly increased through hyperfractionation (3). 


Predominantly Hyperfractionation: Phase III Studies 


e Four prospective randomized phase III clinical trials were performed (three in head 
and neck and one in urinary bladder) (3). 

e In a study of T2-3N0-1 tumors of the oropharynx comparing 2 fractions of 1.15 Gy, 6- 
to 8-hour interfraction interval, total dose of 80.5 Gy in 7 weeks versus 1 daily fraction 
of 2 Gy, total dose of 70 Gy in 7 weeks, with hyperfractionation, there was an 


improved overall 5-year locoregional control rate (59%) (p = .02) (improvement in T3 
but not in T2 primary tumors), improved overall survival (p = .08), and more severe 
mucosal reactions; late treatment-related morbidity was the same (12). 


Type A: Continuous Short Intensive Courses 


In Burkitt's lymphoma, with 3 daily fractions of 1.00 to 1.25 Gy, there were greatly 
improved response rates compared with 1 daily fraction to similar total doses (16). 
With continuous hyperfractionated accelerated radiation therapy (CHART) for head 
and neck cancer, primarily stage III or IV cancers of oral cavity, oropharynx, 
hypopharynx, and larynx, a short, intensive irradiation schedule was used (3 daily 
fractions of 1.5 Gy, 6-hour intervals, for 12 consecutive days, total dose of 54 Gy) (9). 
Three-year local tumor control was 49% compared to 36% in matched historic 
controls. Healing of acute reactions was delayed beyond 6 months in approximately 
20%; late effects were no worse or were less severe than with conventional 
fractionation, except for radiation myelitis (four patients with spinal cord doses of 45 
to 48 Gy). 

In a phase IIl trial of CHART (66 Gy in 33 fractions in 6.5 weeks) versus conventional 
fractionation in 918 patients with head and neck cancer, including all sites and stages 
except T1NO, there was no significant difference in tumor control or survival, although 
there was a trend for CHART to be more effective in achieving control of higher-stage 
tumors (10). Acute mucosal reactions were more severe with CHART, although there 
was no difference in late reactions; myelopathy did not occur when spinal cord dose 
was limited to 40 Gy. 

In a phase III postoperative accelerated fractionation study, patients with stage T3- 
4NO0-2 carcinomas of various head and neck sites were randomized, after surgical 
resection, to receive either 50 Gy in 25 fractions in 5 weeks, or 42 Gy in 30 fractions, 
3 times a day with 4-hour intervals, in 11 days (4). Accelerated hyperfractionation was 
associated with higher actuarial disease-free survival and a lower late complication 
rate at 3 years in 56 patients and with higher survival in patients with fast-proliferating 
tumors (thymidine labeling index greater than10.4% or Tpot less than 4.5 days). The 
overall late complication rate was very high (approximately 75%). 

A study of 103 patients with inoperable breast cancer treated with a short, intensive 
course showed 34.6% tumor control at 5 years; significant late effects occurred when 
total doses exceeded 45 Gy (18). In 42 patients with inflammatory breast cancer who 
were treated with accelerated fractionation (51 to 54 Gy in 4 weeks, plus a boost), the 
locoregional control rate significantly improved over historic controls treated with 
protracted Baclesse technique (5). 

Two studies of non-small cell lung cancer treated with accelerated fractionation (66 
Gy in 1.8 to 2.0 Gy fractions in 4 weeks [20] or the CHART regimen described earlier 
[10]) reported encouraging tumor responses, but esophagitis was severe. 

In a randomized, phase Ill trial of non-small cell lung cancer patients with disease 
apparently confined to chest, CHART was compared with conventional fractionation 
(60 Gy in 30 fractions in 6 weeks); there was a significant survival advantage with 
CHART (30% 2-year rate versus 20% with conventional treatment) (3). Intrathoracic 
tumor control was not significantly different. The incidence of severe dysphagia was 
49% with CHART and 19% with conventional therapy. 


Type C: Concomitant Boost 


In 79 patients with moderately advanced oropharyngeal primary lesions, overall 2- 
year locoregional tumor control was 68%, with best results obtained when boost was 
given during the last 2.0 to 2.5 weeks of basic treatment course (2-year locoregional 
control of 78%). There was an increase in severe acute reactions but no increase in 
late treatment complications (2). In an update in 127 patients treated with 
concomitant boost, delivered during the latter part of basic treatment, 4-year 
locoregional tumor control was 72%, increasing to 81% with surgical salvage (1). 

In a nonrandomized study of 100 patients, 50 received accelerated fractionation (total 
doses of 68.4 to 73.4 Gy in 42 to 65 days), and 50 received conventional fractionation 


(total dose of 70.6 Gy in 52 to 54 days); concomitant boost was given during the first 
and middle thirds of the basic treatment course. Significantly higher 3-year 
locoregional control (62% versus 33%) and disease-specific survival (66% versus 
38%) occurred with concomitant boost; there was increased acute toxicity in the 
accelerated fractionation group (13). 


Quasi-—Accelerated Fractionation 


e Ina prospective randomized trial of head and neck cancer, 1.6 Gy 3 times daily in 
split course to 67.2 to 72.0 Gy in 6 to 7 weeks was compared with standard 
fractionation; locoregional control and 3-year survival were identical in both arms. The 
increased incidence of late effects with the quasi-acceleration may be attributed to 
the 3-hour minimum interfraction interval (10). 

e Prostate cancer patients treated with 3 daily fractions of 2 Gy (4-hour interfraction 
interval, total dose of 60 Gy in 6 weeks, with 1 or 2 treatment interruptions) had a high 
incidence of severe late complications (19). 


Other Randomized Trials 


e Although altered fractionation regimens have been the focus of intense study to 
improve local-regional tumor control for radiation therapy of head and neck cancers, 
the results of a recently reported RTOG study were below expectations (11). In 
RTOG 9003, 1,073 patients with locally advanced head and neck cancer were 
randomly assigned to four different fractionation schemes: standard fractionation (70 
Gy, 35 fractions, 7 weeks); hyperfractionation (81.6 Gy, 1.2 Gy per fraction, twice 
daily for 7 weeks); accelerated fractionation with split course (to 67.2 Gy, 1.6 Gy per 
fraction, twice daily for 6 weeks including a 2-week rest after 38.4 Gy); and 
accelerated fractionation with concomitant boost (72 Gy, 1.8 Gy daily fraction and 1.5 
Gy boost as a second daily treatment for the last 12 treatments over 6 weeks). 
Approximately 60% of patients analyzed had cancer in the oropharynx. With a 
median follow-up of 23 months, the results indicated a small but significantly better 
local-regional control in patients treated with hyperfractionation (54.4%) and 
accelerated fractionation with concomitant boost (54.5%) than those treated with 
standard fractionation (46%). 

e İn patients with locally advanced head and neck cancer, a combination of 
hyperfractionated irradiation (75 Gy, 1.25 Gy twice a day) and cisplatin/5-fluorouracil 
chemotherapy (cisplatin 12 mg per m? daily and fluorouracil 600 mg per m° per day 
during weeks 1 and 6 of irradiation) was more efficacious than hyperfractionated 
irradiation alone (6). The relapse-free survival rate was higher in the combined- 
treatment group (61% versus 41%, p = .08). The rate of locoregional control of 
disease at 3 years was 70% in the combined-treatment group and 44% in the 
hyperfractionation group (p = .01). 


Conclusions 


e |In some trials for head and neck cancer, altered fractionated schedules have proven 
to be more efficacious than standard irradiation. 

e In other tumors, altered fractionation schedules should be investigated in additional 
Clinical trials. 
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Brachytherapy Techniques 


e Brachytherapy (brachy, from the Greek for "short distance") consists of placing 
sealed radioactive sources close to, or in contact with, the target tissue. 

e Implantation techniques may be broadly characterized in terms of the following: 
surgical approach to the target volume (interstitial, intracavitary, transluminal, or mold 
techniques), means of controlling the dose delivered (temporary or permanent 
implants), and dose rate (low, medium, or high). 

e Intracavitary insertion consists of positioning applicators containing radioactive 
sources into a body cavity in close proximity to the target tissue. The most widely 
used intracavitary treatment technique is insertion of a tandem and colpostats for 
cervical cancer. 

e All intracavitary implants are temporary; they are left in the patient for a specified time 
[usually 24 to 168 hours after source insertion for low-dose-rate (LDR) therapy] to 
deliver the prescribed dose. 

e Interstitial brachytherapy consists of surgically implanting small radioactive sources 
directly into the target tissues. 

e A permanent interstitial implant remains in place forever. The initial source strength is 
chosen so that the prescribed dose is fully delivered when the implanted radioactivity 
has decayed to a negligible level. 

e Surface-dose applications (sometimes called plesiocurie or mold therapy) consist of 
an applicator containing an array of radioactive sources, usually designed to deliver a 
uniform dose distribution to the skin or mucosal surface. 

e Transluminal brachytherapy consists of inserting a line source into a body lumen to 
treat its surface and adjacent tissues (2,13). 

e Radiation exposure to nursing staff (and other hospital staff responsible for source 
loading and the care of implant patients) can be greatly reduced or eliminated by 
using remote afterloading devices, which consist of a pneumatically or motor-driven 
source transport system for robotically transferring radioactive material between a 
shielded safe and each treatment applicator (1). 


Dose Rate 


e According to International Commission on Radiation Units and Measurements (ICRU) 
Report No. 38 (3), LDR implants deliver doses at a rate of 40 to 200 cGy per hour 
(0.4 to 2.0 Gy per hour), requiring treatment times of 24 to 144 hours. 

e High-dose-rate (HDR) brachytherapy uses dose rates in excess of 0.2 Gy per minute 
(12 Gy per hour). Modern HDR remote afterloaders contain sources capable of 
delivering dose rates of 0.12 Gy per second (430 Gy per hour) at 1-cm distance, 
resulting in treatment times of a few minutes. A heavily shielded vault and remote 
afterloading device are essential components of an HDR brachytherapy facility. 

e Temporary LDR implant patients must be confined to the hospital during treatment to 
manage the radiation safety hazard posed by the ambient exposure rates around the 
implant. HDR implants are performed as outpatient procedures. 


e Although not recognized by ICRU Report No. 38, the ultra-low—dose-rate range (0.01 
to 0.30 Gy per hour) is important; it is the dose rate used for permanent iodine 125 
('1) and palladium 103 ('°Pd) seed implants. 

e The clinical utility of any radionuclide depends on physical properties such as half-life, 
radiation output per unit activity, specific activity (Ci per g), and photon energy. 
Detailed properties of radionuclides are listed in Table 9-1. 


Table 9-1: Physical properties and uses of brachytherapy radionuclides 


Exposure 
HVL- rate 
Energy Half- lead constant’ Clinical 
Element (Isotope (MeV) | life | (mm) (T6) Source form | application 
Obsolete sealed sources of historic 
significance 
Radium “Ra 0.83 1,626 16 (8.25° Tubes and LDR 
(avg) yr needles intracavitary 
and interstitial 
Currently used 
sealed sources 
Cesium "Cs (0.662 (30yr 6.5 ~— 3.28 Tubes and LDR 
needles intracavitary 
and interstitial 
Iridium Weir 0.397 73.8 6 4.69 Seeds LDR temporary 
(avg) d interstitial 
HDR interstitial 
and 
intracavitary 
Cobalt "Co |1.25 [5.26 |11 13.07 Encapsulated HDR 
yr spheres intracavitary 
lodine 125] 0.028 59.6 0.025 1.45 Seeds Permanent 
d interstitial 
Palladium '*Pd 0.020 (17d (0.013 1.48 Seeds Permanent 
interstitial 
Gold Au 0.412 2.7d 6 2.35 Seeds Permanent 
interstitial 
Strontium  Sr-°Y 2.24 28.9 — — Plaque Treatment of 
Bmax yr superficial 
ocular lesions 
Unsealed radioisotopes used for 
radiopharmaceutical therapy 
Strontium  ®Sr 1.4 Bmax 51d — — SrCl; i.v. Diffuse bone 
solution metastases 
lodine ij 0.61 8.06 — — Capsule Thyroid cancer 
Bmax d 
0.364 — — — Nal oral — 
MeV y solution 
Phosphorus **P 1.71 14.3 — — Chromic Ovarian cancer 
Bmax d phosphate seeding: 
peritoneal 
colloid 
instillation 
surface 


NaPO- PCV. chronic 


solution leukemia 


HDR, high dose rate; HVL, half-value layer; LDR, low dose rate; PCV, polycythemia vera. 
4No filtration in units of R-em?-mCi'-h. 
20.5 mm Pt filtration; units of R-cm*-mg!-h™'. 


From Williamson JF. Physics of brachytherapy. In: Perez CA, Brady LW, eds. Principles and 
practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:405—468, with 
permission. 


Classic Systems for Interstitial Implants 


e The traditional implant systems (Manchester, Quimby, and Paris) were developed 
before the advent of computer-aided dosimetry for implant therapy. 

e For target volumes identified intraoperatively by palpation and direct visualization, 
classic systems continue to guide the radiation oncologist in arranging and 
positioning sources relative to the target volume. They also serve as the basis of 
dose prescription, whether or not computer-assisted treatment planning is used. 

e For all types of implants, classic systems are useful for advance planning of interstitial 
implants and for manually verifying postinsertion computer plans. 

e Aninterstitial implant system consists of the following elements: 


1. Distribution rules: Given a target volume, these rules determine how to distribute the 
radioactive sources and applicators in and around the target volume. 

2. Dose-specification and implant-optimization criteria: At the heart of each system is a 
dose-specification criterion (definition of prescribed dose). In the Manchester or 
Paterson-Parker system, for example, the prescribed dose is the modal dose in the 
volume bounded by the peripheral sources. The distribution rules and dose- 
specification criterion together constitute a compromise among implant quality 
indices, such as dose homogeneity within the target volume, normal tissue sparing, 
number of catheters implanted (amount of trauma inflicted), dosimetric margin around 
the target, and presence of high-dose regions outside the target. 

3. Dose calculation aids: These are used to estimate the source strengths required to 
achieve the prescribed dose rate (as specified by the system) for source 
arrangements satisfying its distribution rules. Older systems (Manchester and 
Quimby) use tables that give dose delivered per mgRaEcq-h as a function of treatment 
volume or area. The more recent Paris system makes extensive use of computerized 
treatment planning to relate absorbed dose to source strength and treatment time. 


Manchester System 


e The Manchester system, developed by Ralston Paterson and Herbert Parker (4—6), is 
called the Paterson-Parker (P-P) system. 

e The P-P system is the most relevant of the classic systems to the practice patterns of 
North American radiation oncologists. 

e Table 9-2 lists the rules of the Manchester system. Table 9-3 lists the stated dose per 
mgRaEc-h and integrated reference air kerma as a function of treated area or 
volume. 

e Figure 9-1 illustrates a classic Manchester implant with crossed ends, using iridium 
192 ( ~“Ir) line sources and 1-cm spacing to treat a cylindric target volume 5 cm in 
diameter and 5 cm high. The required source strength is calculated as follows: 
Target volume height = active needle length = 5 cm 


3 __ 726mg-h 726 mg-h 


R 
i =n-(2.5) -50 = 3 em l a m 
Treated volume n- (2.5) -5.0 = 98.3 cm > L000 Pa ern 


Assume: minimum peripheral dose rate = 45 cGy/h and belt:core:end:end = 4:2:1:1 
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"360 cGy ` 12 needles = 0.791 mgRaEq/wire 
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i 1 45cGy/h 726 meg-h 
r z = ——— M — 3 
mgRaEg/AL end wires 8 B60cGy 2-G+45) 0.317 mgRaEgq/cm 


mgRaEq of each 3 cm wire = 3 - 0.317 = 1.42 mgRaEq 
mgRaEq of each 4.5 cm wire = 3.4 - 0.317 = 0.95 mgRaEq 


Figure 9-2 demonstrates that by increasing the interneedle spacing to 1.3 cm, the 


need for differential loading can be eliminated. 
Because ends are uncrossed, required active length = target length/0.85 = 5.9 cm 


Effective volume = n-(2.5)°-5.9-0.85 = 98.5 cm?, where 


= 728 mg-h 728 mg-h 
From the original P-P vol table, ————=—_ = — 
ee “ee 1,000P-PR 840 cGy minimum dose 


Assuming a minimum peripheral dose rate of 45 cGy/h and belt:core = 4:2, 


1 45 
g 2S, .728 = 
mgRaEg/core needle 3° 840.7 728 = 1.86 mgRaEq 


? 
mgRaEgq/belt needle = 3 -728 = 2.17 mgRaEq 


840. 12 


Assuming uniform strength needles: mgRaEq/needle = S n 728 = 2.05 mgRaEq 


e Figure 9-3 illustrates application of the Manchester system to the same 5-cm x 5-cm 
cylindric target volume, using 1921r ribbons with seed-to-seed spacing of 1 cm and an 
intercatheter spacing of 1.3 cm. Note that the distribution rules are satisfied almost 
exactly by using uniform seed strengths. 


Assuming uncrossed ends, active length = target length/O.85 = 5.9 cm => 6seeds/ribbon 


Equivalently, the first and last seeds can be treated as "end" seeds, bisecting the 
target boundaries. 


e Either way, treated volume = r - (2.5)? - 5.0 = 98.2 cm’. 


726meg-h 726 mg-h 


Hence: O00P-PR ~ 38 cGy minimum dose 


By choice of spacing, distribution rules are met by using seeds of equal strength. 


45 cGy/h 726 mg-h 


ive 45 cGy = ———— 
ee AITA; een 860 cGy 19 ribbons x 6 seeds/ribbon 


= 0.33 mgRaEq/seed 


e Figure 9-4 illustrates application of the P-P system to a modern planar implant. 
As both ends are uncrossed, active length is to target length/0.92 = 5/0.81 = 6.2 cm. 
The shortest ribbon of active length =to 6.2 cm contains 7 seeds (AL = 7 cm). 
Lookup area = area treated = 4 x 7 x 0.92 = 22.7 cm’. 
Note that there are 10 central seeds and 18 peripheral seeds, a ratio of 0.64:0.36, 
which closely approximates the recommended 2/3:1/3 ratio. For this spacing, uniform- 
strength seeds can be used. 


402 me-h _ 402 mg-h 
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= 22.7 em > — = raa ee 
Area = 22.7 cm >T O0OP-PR ~ 860 cGy minimum dose 


longest si 0.81 -7 


= = 1.4 => additional correction = 1.02 
shortest 4 


Elongation ratio = 


Assuming a minimum peripheral dose rate of 45 cGy/h: 


, _ 2 945 cGy/h 402-1.02 mg-h _ 
mgRaEq/peripheral seed = 3 cae ine 0.795 mgRaEgq/seed 


_ 1 45cGy/h 402-1.02mg-h _ 97 
mgRaEq/central seed = j3 d@a De 0.720 mgRaEq/seed 


P-P Volume Implant: Crossed Ends, ir-192 Wires and 1 cm Spacing 
r E 


AL =5.0cm= 
T 


O 


Arrange wires on three concentric cylinders: 15 wires on 5 cm diameter cylinder, 
9 wires on 3 cm diameter cylinder, and three wires on 1 cm diameter cylinders. Use 4 wires 
A to cross ends, with AL of 3 and 4.5 cm. 


BL 


Fig. 9-1: A: A 5-cm high by 5-cm diameter cylindric target volume implanted with 35 differentially 
loaded wires spaced at 1-cm intervals. B: Resultant central transverse and coronal isodose curves 
plotted as percentages of the computer-calculated mean control dose (MCD) value of 56.3 cGy per 
hour (100%): 110% (62 cGy per hour), 100% (56 cGy per hour), 90% (51 cGy per hour), 80% (45 cGy 
per hour), 60% (34 cGy per hour), 40% (23 cGy per hour), and 11% (12 cGy per hour). Note that 80% 
of MCD, 45 cGy per hour, agrees exactly with the minimum peripheral dose rate of 45 cGy per hour 
predicted by the Paterson-Parker tables. (From Williamson JF. Physics of brachytherapy. In: Perez 
CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott- 
Raven, 1998:405—468, with permission.) 


5.9 cm 5.0 cm 
AL 


Paterson-Parker Implant: Cs-137 Needles with uncrossed ends 


1.3 cm spacing can be approximately achieved by arranging 12 needles on the 5 cm diameter 
belt, 6 needles on the 2.5 cm diameter inner cylinder and 1 central needle. The resulting 
belt:core ratio is 12:7 = 0.63:0.37 which is close to the 0.67:0.33 Manchester ratio for a 
cylinder implant with uncrossed ends. 


Fig. 9-2: A 5-cm x 5-cm cylindric volume implanted by uniform strength Cs needles 
spaced at 1.3-cm intervals. (From Williamson JF. Physics of brachytherapy. In: Perez CA, 
Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: 
Lippincott-Raven, 1998:405—468, with permission.) 


Paterson-Parker Volume Implant: Ir-192 seeds 


rs 
~ — _Belt-P-P Target Voumd. — — — _ —- _ — > Half end, half belt 


No. of Belt Seeds: 12x4 + 12/2 +12/2 = 60 comer seed 
No. of Core Seeds: 7x4 = 28 
No. in each end: 12/2 + 7= 13 
Belt:Core:End:End = 0.53 : 0.25: 0.11 : 0.11 
A vs 0.50: 0.25: 0.125: 0.125 for Paterson-Parker 


Fig. 9-3: A: A5-cm x 5-cm cylindric target volume implanted with uniform-strength '*Ir 


ribbons spaced at 1.3-cm intervals. B: Resultant central transverse and coronal isodose 
curves normalized to the mean control dose (MCD) value of 58.9 cGy per hour (100%): 
115% (68 cGy per hour), 100% (59 cGy per hour), 90% (53 cGy per hour), 80% (47 cGy 
per hour), 60% (35 cGy per hour), 40% (24 cGy per hour), and 20% (12 cGy per hour). 
Note that 80% of MCD, 47 cGy per hour, agrees closely with the minimum peripheral dose 
rate of 45 cGy per hour predicted by the Paterson-Parker tables. (From Williamson JF. 
Physics of brachytherapy. In: Perez CA, Brady LW, eds. Principles and practice of 
radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:405—468, with 
permission.) 


Paterson-Parker single plane implant 
4x5 cm target area 


Equivalent active length = 7 cm 
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Fig. 9-4: A 1-cm-thick target with an area of 4 cm* x 5 cm? is to be treated with a single- 
plane Manchester implant using "Ir ribbons. A minimum dose rate of 45 cGy per hour is 
desired, and interneedle spacing is 1.3 cm. (From Williamson JF. Physics of 
brachytherapy. In: Perez CA, Brady LW, eds. Principles and practice of radiation oncology, 
3rd ed. Philadelphia: Lippincott-Raven, 1998:405—468, with permission.) 


Quimby System 


e The Quimby system was developed by Quimby and Castro (10) at New York 
Memorial Hospital between 1920 and 1940 (Table 9-4). 

e This system is much less complex than the P-P system and was intended to be used 
with the limited radium 226 (°?°Ra)—needle inventories (usually 1 mgRaEq per cm) 
used in clinics in the United States during that period. 


Paris System 


e The Paris system was developed in the early 1960s by Pierquin, Chassange, and 
Marinello (8,9) and was motivated by the le afterloading techniques developed by 
Henschke (8,9). 

e Outside the United States, the Paris system is the most widely used approach for 
definitive brachytherapy of localized lesions in the head and neck, breast, and many 
other sites. 


Table 9-2: Manchester system characteristics 


Feature Paterson and Parker (Manchester system) rules 
Dose and dose rate (6,000-8,000 R in 6-8 d (1,000 R/d, 40 R/h) 


Dose specification 
criterion 


Dose gradient 


Linear activity 


Source strength 
distribution 


Planar 


Source strength 
distribution 


Volume 


Spacing 
Crossing needles 


Elongation 
corrections 


Correction factors 
for mgRaEq-h 


Volume: 


Effective minimum dose is 10% above the absolute minimum dose in 
treatment plane or volume 


Dose in treatment volume or plane varies by no more than +10% from 
stated dose, except for localized hot spots 


Variable: 0.66 and 0.33 mgRaEq/cm 


Area <25 cm*: “ls periphery, '/; center 


25 < area <100 cm’: 1/3 periphery, '/2 center 


Area >100 cm*: 1/3 periphery, “/; center 


Cylinder: belt:core:end:end = 4:2:1:1 
Sphere: belt:core = 6:2 
Cube: '/, of the activity in each face 


?/ of the activity in the core 
Constant uniform spacing 


Planar implant: Target area effectively treated is reduced in length by 
10% per uncrossed end 


Volume implant: Target volume effectively treated is reduced by 7.5% 
per uncrossed end 


Long:short dimension: 1.5:1.0 2:1 2.5:1.0 3:1 4:1 
Planar: 1.025 1.05 (1.07 1.09 (1.12 
1.03 1.06 1.10 (1.15 1.23 


From Williamson JF. Physics of brachytherapy. In: Perez CA, Brady LW, eds. Principles and 
practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:405—468, with 


permission. 


Table 9-3: Manchester implant tables 
Volume implants Planar implants 
Minimum Minimum 
Volume | mgRaEq-h* dose/IRAK® Area | mgRaEq-h° dose/IRAK” 
(cm?) | 1,000 P-PR cGy(uGy-m?) | (cm?) | 1,000 P-PR cGyuGy-m’) 

1 34 3.49 0 30 4.48 

2 54 2.20 2 97 1.38 

3 70 1.68 4 141 0.953 

4 85 1.38 6 177 0.759 

5 99 1.194 8 206 0.652 

10 158 0.752 10 235 0.572 

15 207 0.574 12 261 0.515 

20 251 0.474 14 288 0.466 

25 291 0.408 16 315 0.426 

30 329 0.361 18 342 0.393 

40 398 0.298 20 368 0.365 

50 462 0.257 24 417 0.322 

60 522 0.228 28 466 0.288 


70 579 0.206 32 513 0.262 
80 633 0.188 36 558 0.241 
90 684 0.174 40 603 0.223 
100 734 0.162 44 644 0.209 
110 782 0.152 48 685 0.196 
120 829 0.143 52 725 0.185 
140 919 0.129 56 762 0.176 
160 1,005 0.118 60 800 0.168 
180 1,087 0.110 64 837 0.160 
200 1,166 0.102 68 873 0.154 
220 1,242 0.0958 72 908 0.148 
240 1,316 0.0904 76 945 0.142 
260 1,389 0.0857 80 981 0.137 
280 1,459 0.0815 84 1,016 0.132 
300 1,528 0.0779 88 1,052 0.128 
320 1,595 0.0746 92 1,087 0.124 
340 1,661 0.0716 96 1,122 0.120 
360 1,725 0.0690 100 1,155 0.116 
380 1,788 0.0665 120 1,307 0.103 
400 1,851 0.0643 140 1,463 0.0918 
— — — 160 1,608 0.0835 
— — — 180 1,746 0.0769 
— — — 200 1,880 0.0715 
is E — 220 2,008 0.0669 
= = — 240 2,132 0.0630 
— — IE 260 2,256 0.0595 
— = — 280 2,372 0.0566 
— = — 300 2,495 0.0538 


1,000 P-PR, 1,000 Manchester system roentgens; IRAK, integrated reference air-kerma. 


“Original Manchester values from Paterson R, Parker HM. A dosage system for interstitial 
radium therapy. Br J Radio! 1938;11:313-339, with permission. 


’Modified from original values for ‘Ir, assuming 8.6 Gy minimum peripheral dose per 1,000 
P-PR and 7.227 Gy-m*/mgRaEo-h. 


From Williamson JF. Physics of brachytherapy. In: Perez CA, Brady LW, eds. Principles and 
practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:405—468, with 
permission. 


Table 9-4: Quimby system characteristics 


Feature Quimby system rules 
Dose and dose rate 5,000-6,000 R in 3-4 days (60-70 R/h). 


Dose specification Planar implants/molds: The point 5 mm from the needle plane along 
criterion the perpendicular line passing through the center of the source array. 


Volume implant: Dose appears to be delivered to a point located 3—5 
mm outside implanted volume near the peripheral needle tips. 


Dose gradient Large central high-dose regions are characteristic of volume 
implants, whereas planar implants underdose the edges of the target 
area relative to the stated dose. 


Linear activity Constant (1.0 mgRaEq/cm used historically; 0.5 mgRaEq/cm 
commonly used). 


Activity distribution: {Identical strength needles spaced uniformly throughout target area or 
planar and volume volume. 


Spacing Preferably 1.5 cm and for seeds not less than 1 cm. 
Crossing needles Planar: not clear. 


Volume: If not used, active ends should extend beyond target 
volume margin by 7.5%. 


Elongation Planar: not used. 
corrections 


Volume: Use Manchester system corrections. 


From Williamson JF. Physics of brachytherapy. In: Perez CA, Brady LW, eds. Principles and 
practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:405—468, with 
permission. 


Intracavitary Treatment of Carcinoma of the Uterine Cervix 


e The focus is restricted to common systems (Fletcher and Mallinckrodt) derived from 
the Manchester system. 


Manchester Therapy System 


e The Manchester system, developed in 1938 by Tod and Meredith (11), was the first to 
use applicators and loadings designed to satisfy specific dosimetric constraints (12). 

e It was the first system to use a radiation field quantity, exposure at point A, rather 
than mg-h, to specify treatment. The reference point A originally was defined as the 
point "2 cm lateral to the center of the uterine canal and 2 cm cephalad from the 
mucous membrane of the lateral fornix in the plane of the uterus." 

e This seemingly arbitrary definition reflected the system developers’ view that 
"radiation necrosis is not due to direct effects of radiation on the bladder and rectum, 
but high-dose effects in the area in the medial edge of the broad ligament where the 
uterine vessels cross the ureter" (11). They believed that the radiation tolerance of 
this area, termed the paracervical triangle, was the limiting factor in the treatment of 
cervical cancer, and used point A exposure to represent its average dose. 

e In current practice, point A dose is used to approximate the average or minimum 
dose to the tumor. 

e Point B, defined as 5 cm from the patient's midline at the same level as point A, was 
intended to quantify the dose delivered to the obdurator lymph nodes. 

e Many radiation oncologists use a revised definition of point A that references its 
location to the cervical os (tandem collar, tip of caudalmost tandem source or gold 
seed implanted in the cervix) rather than to the lateral fornix (Fig. 9-5). Doses may be 
very different, depending on the definition used. 
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Fig. 9-5: Radiographic definition of classic point A (2 cm above the cephalicmost aspect of 
the colpostat in the tilted coronal plane) and the revised point A (2 cm above the cervical 
collar top or center). Because the distance from caudalmost intrauterine source tip to 
colpostat center (tandem-to-colpostat displacement) varies from patient to patient, the 
vaginal contribution to revised point A is highly variable. The revised definition was 
suggested by Tod and Meredith (12) in their 1953 paper. (From Williamson JF. Physics of 
brachytherapy. In: Perez CA, Brady LW, eds. Principles and practice of radiation oncology, 
3rd ed. Philadelphia: Lippincott-Raven, 1998:405—468, with permission.) 


Volumetric Specification of Intracavitary Treatment: International Commission on 
Radiation Units and Measurements Report No. 38 


e The ICRU (8) introduced the concept of reference volume enclosed by the reference 
isodose surface for reporting and comparing intracavitary treatments performed in 
different centers, regardless of the applicator system, insertion technique, and 
method of treatment prescription used. 

e ICRU Report No. 38 recommended that the reference volume be taken at the 60-Gy 
isodose surface, resulting from the addition of dose contributions from any external- 
beam whole-pelvis irradiation and all intracavitary insertions. 

e Figure 9-6 illustrates the bladder and rectal reference points recommended by the 
ICRU. 

e For nonstandard loadings using miniovoids, large-diameter colpostats, or 
nonstandard-length tandems, the vaginal and uterine target mgRaEq-h prescriptions 
are modified according to the following principles: 

e The target mgRaEo-h is considered to be divided equally between the vaginal and 
uterine components. When nonstandard applications are used, these two 
components are manipulated independently. For the loadings shown in Figure 9-7, 
this results in different treatment times for the vaginal and intrauterine loadings. 

e The vaginal mgRaEq-h deliverable with minicolpostats is constrained by the vaginal 
surface dose limit. This surface dose, called rad surface dose, is specified at the 
midpoint of the lateral cylindrical surface of a single colpostat, including its cap. The 
rad surface dose includes a 6% average applicator shielding correction and any 
whole-pelvis dose but excludes dose contributions from the tandem and contralateral 
colpostat. Current Mallinckrodt Institute of Radiology (MIR) treatment guidelines limit 
this dose to approximately 150 Gy in the upper vagina and 90 Gy in the distal vagina. 


For medium and large colpostats, the vaginal mgRaEq-h is increased by specified 
fractions to compensate for the increased source to surface distance. 

e When medium and short tandems are used for the intrauterine tandem, the target 
mgRaEc-h is reduced in proportion to the fraction of cesium 137 (Cs) " missing," 
relative to the standard tandem. Consequently, the treatment time for the tandem 
component is constant and independent of its loading. 

e Table 9-5 shows that as tumor size increases and therapeutic emphasis shifts from 
intracavitary insertions to external-beam therapy, point A doses increase from 70 Gy 
for small stage IB lesions (less than 1 cm) (schema A) to 94 Gy for stage IV lesions 
(schema E). 

e The mgRaEq-h actually administered within a given treatment group may deviate 
from the target mgRaEq-h prescriptions by as much as —30% to +40% for very small 
and large insertions, respectively. 

e Despite reliance on the mgRaEq-h prescription philosophy, treatment times are 
approximately constant, and total point A doses are nearly independent of applicator 
size, the defining features of the Manchester system. 

e When whole-pelvis doses are limited to 20 to 40 Gy even for locally advanced 
disease, relatively high bladder (80 Gy) and rectal (75 Gy) doses are acceptable (7). 

e Table 9-6 illustrates detailed application of the prescription schema rules, listing total 
doses for point A, point P, and the vaginal mucosa, along with the volumes of tissue 
enclosed by point A and ICRU 60-Gy reference isodose surfaces. 


balloon f 
7 cm3 U | È 


intrauterine 
wee” sources 


intravaginal 
sources 


Fig. 9-6: Reference points for bladder and rectal brachytherapy doses proposed by the 
International Commission on Radiation Units and Measurements. (From International 
Commission on Radiation Units and Measurements. Dose and volume specification for 
reporting intracavitary therapy in gynecology. Report no. 38. Bethesda, MD: ICRU, 1985, 
with permission.) 


Mallinckrodt Intracavitary Loadings 
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Coipostat 

Diameter 1.6 cm 2.0 cm 2.5 cm 3.0 cm 
Dant A, 59.3 cGyh 65.3 cGy/h 64.9 cGy/h 64.8 cGy/h 
cGyimghr 0.99 0,82 0.72 0.65 
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Diameter 1.6 cm 2.0 cm 2.5 cm 3.0 cm 
Point A 

Ae 63.0 cGyh 69.0 cGy 68.6 cGy/h 68.4 cGy/h 
eGyimg-hr 1.26 0.99 0.86 0.76 


Fig. 9-7: Mallinckrodt Institute of Radiology (MIR) applicator loadings used with Fletcher- 
Suit applicators for treatment of cervical carcinoma. Because the MIR system uses model 
6500 3M '°’Cs tubes, equivalent mass of radium is used to specify loadings and mgRaEq- 
h rather than mg-h to prescribe intracavitary therapy. The point A dose rates assume the 
classic Manchester definition and average colpostat separations and tandem-colpostat 
alignments. (From Williamson JF. Physics of brachytherapy. In: Perez CA, Brady LW, eds. 
Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 
1998:405—468, with permission.) 


Intracavitary Brachytherapy Dose Specification 


e For Manchester-type loadings and applicators, point A dose rate is approximately 
constant and independent of loading, leading to a linear relationship between point A 
dose and time, not mgRaEq-h. 

e =Intracavitary implants delivering the same mgRaEoq-h are volumetrically equivalent in 
the clinical dose range, despite significant differences in geometry and loading. 
Delivery of a specified mgRaEq-h prescription is equivalent to treating the patient until 
a reference isodose expands to occupy a specified volume. 

e Practical mgRaEq-h systems use other parameters as constraints and guides and are 
more Manchester-like than the "strict" mg-h philosophy would suggest. These 
parameters have the following roles: (a) mgRaEq-h or mg-h: Limit volume of tissue 
treated to a high dose; (b) point A: Ensure that tumor periphery receives adequate 
dose; (c) vaginal surface dose: Ensure that dose to mucosal surfaces in contact with 
applicator system remains within tolerance; (d) treatment time: indirect control of point 
A dose. 

e In current practice, implant placement is guided by direct visualization and palpation, 
and treatment prescription is determined by the radiation oncologist's knowledge of 
treatment outcome, averaged over groups of uniformly treated patients with similar 
medical condition and tumor size and location. 


e The implant system must be applied as a whole; mixing dose-specification methods, 
insertion techniques, and normal tissue dose-response relationships from different 
clinical systems is a dangerous practice that can lead to suboptimal or indeterminate 
clinical outcomes. For example, use of the MIR maximum rectal tolerance dose (75 to 
80 Gy) to guide prescription in a system using higher whole-pelvis doses or less 
packing will not guarantee an acceptable level of complications (14). 

e Because classic dose-specification quantities fail to completely describe the dose 
distribution, a radiation oncologist must be trained in all details of an intracavitary 
system to duplicate the results of its developers. 

e For the clinical physicist, consistency of current dosimetric practice with past clinical 
experience is often more important than absolute accuracy of the computed dose 
distributions or consistency with some practice standard or definition external to the 
treatment system (14). 


Table 9-5: Mallinckrodt Institute of Radiology prescriptions for carcinoma of the 
cervix 


External- 
beam Intracavitary Total: smallest to 
treatment treatment largest insertion 


Maximum | Point | Point 
Whole | Split, Target vaginal A P 


Treatment pelvis | field |mgRaEq- vault dose | dose | dose mgRaEq- 
scheme Indication (Gy) (Gy) h (Gy) (Gy) | (Gy) h 
A IB <2 cm 0 45 7,000 150 70-80 (56—60 5,580- 

[7,980 
B IB 2—4 cm 10 40 7,500 150 80-85 (61—66 5,580- 
8,550 
C IB/JIA/IB/INA (20 30 8,000 150 84—90 (61—67 5,600- 
bulky (>4 cm), 9,100 
limited 
parametrial 
extension 
D IIB/IIB bulky, (20 40 8,000 150 84-90 71-77 5,600- 
extensive 9,100 
parametrial 
extension | 
E IIB, HIB, IV, 40 20 6,500 150 92-94 69-74 4,610- 
poor anatomy, 7,410 
poor 
regression 


Note: Treatment scheme is selected according to disease stage, lesion location, volume, 
histology, and extent of vaginal and parametrial invasion. 


Table 9-6: Mallinckrodt Institute of Radiology schema: 8,000 mg-h, 20 Gy whole 
pelvis, and 30 Gy split pelvis 
Vaginal | Total point | Total ICRU 
surface A dose |pointP| volume 
Applicator Loading Time mgRaEq-h dose? (volume) dose | (60 Gy) 
Miniovoids, 20 x 100 |3,000 
small tandem h= 
10 152.3 Gy (83.5 Gy (85 61.0 Gy |165 cm’ 
3 
cm’) 
10 10 x 130 |2.600 


| 5,600 
2-cm 20 
colpostats, 
standard 
tandem | | 
10 x 100 4,000 150.1 Gy 86.3 Gy (131 65.2 Gy |281 cm 
h= cm’) 
10 
20 20 x 100 |4,000 
h = 
8,000 
3-cm 20 
colpostats, 
standard 
tandem 
10 x 100 4,000 98.6 Gy 85.6 Gy (160 66.9 Gy 343 cm® 
h= | cm’) 
10 | 
30 30 x85 /|5,1009,100 
h — 


ICRU, International Commission on Radiation Units and Measurements. 
“On surface of single colpostat, neglecting other source. 


From Williamson JF. Physics of brachytherapy. In: Perez CA, Brady LW, eds. Principles and 
practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:405—468, with 
permission. 
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Introduction 


Most high-dose-rate (HDR) units use iridium 192 ('Ir) or cobalt 60 (Co). ‘Ir offers 
smaller source sizes, but sources must be changed more frequently (usually every 3 
to 4 months). A similar decay source exchange for ®°Co takes 6 to 8 years. 

The smaller '**Ir sources permit access to more body sites via interstitial or 
intraluminal applications. °Co and cesium 137 (Cs) sources are suitable only for 
intracavitary and some intraluminal treatments, such as for the esophagus. 

Virtually any applicator designed for low-dose-rate (LDR) manual afterloading has 
been, or could be, adapted for HDR systems. 

The applicator, transfer tube, and afterloader must form a closed system so that there 
is no possibility of any part of the HDR source becoming dislodged in the patient. 
Users converting from an LDR to HDR system must carefully evaluate the features of 
the new applicator dosimetry system for any changes that may occur in the dose 
distribution (20). 

The shielding of the HDR brachytherapy room must be sufficient to protect workers 
and the public and must be evaluated by a competent physicist. 

For HDR units using ‘Ir, typical shielding requirements are 5 to 7 cm of lead or 35 to 
50 cm of concrete. Because the radiation is uncollimated, all barriers in direct line of 
sight must be similarly shielded; it may be necessary to limit the mobility of the unit to 
prevent direct irradiation of the door (20). 


Dosimetry 


For all sources used in HDR brachytherapy, the basic specification of source strength 
should be determined by measurement of air kerma rate at a reference distance 
along the perpendicular bisector of the source. Slightly different terminology and 
measurement techniques have been recommended, but the basic concept remains 
the same (1,6—8,13,25,26). 

At the present time, computerized dose calculations do not account for the movement 
of a stepping source to, from, and within an implant. 

The magnitude of the error in dose depends on the source speed, source strength, 
dwell times, and implant geometry (4,11,12,24). The error is unlikely to exceed 2% for 
common afterloaders and implant situations, but should not be assumed always to be 
negligible, especially when dwell times are short. 

Even if the transit times between dwell positions within a channel are accounted for, 
the dose delivered while the source moves to the first dwell position, and back from 
the last one in the channel, can be significant, on the order of 0.10 to 0.15 Gy at the 
surface of a 2-mm catheter. The clinical importance depends on the number of 
fractions and proximity to sensitive structures, but clearly the routing of the tubes 
deserves some consideration. 


Dose or Volume Optimization 


e To treat a given volume, unoptimized implants need to be larger than optimized 
implants. 

e A radiation oncologist converting from unoptimized LDR techniques to optimized HDR 
techniques will need to alter implant geometry, as well as dose and fractionation. 

e One attractive feature of HDR remote afterloaders, especially the stepping-source 
type, is the possibility of manipulating the dose distribution by controlling the dwell 
time used at each dwell position. 

e Optimization based on varying dwell times is fundamentally limited in its ability to alter 
a dose distribution. The dose from a small source varies linearly with time and as the 
inverse square of the distance. 

e Optimization algorithms can be divided into two classes: 


1. "Dose point" optimization: The clinical problem can be described as needing to 
achieve a desired dose at defined points. 

2. "Geometric" optimization: The implanted catheters or needles are assumed to 
permeate a target volume, the idea being to use the source locations themselves to 
drive the solution without the introduction of separate dose points (20). 


Radiobiologic Dosimetry 


e Because of a lack of personal or documented experience, radiation oncologists 
frequently resort to the use of bioeffect dose models to convert from LDR to HDR. 
e The linear-quadratic (LQ) model is most commonly used. 
Linear-Quadratic Model for Brachytherapy 


e The LQ equation for N equal exposures, each of duration t, with correction for 
repopulation during the course of irradiation in overall treatment time T (days), is 


~1nS = N[a(Rt) + GB(Rd’] - 0.693 T/Tpot (1) 
where Tpot is the potential doubling time of cells (in days), and 0.693 is 1n 2 (9,10,18,19). 


e Rearranging this equation and dividing both sides by a leads to the formula for the 
biologically effective dose (BED), sometimes referred to as the extrapolated response 
dose: 


-InS 
ot 


= BED = NR; {I gR! /-22= 
aT 


(a/B) pot 


where the single parameter a/B represents the "curviness" of the log cell-survival curve 


(3,9,10,18,19). 


e For HDR treatments, where the time for each treatment is so short that negligible 
repair takes place during each exposure, but the time between fractions is long 
enough for complete repair to occur (19): 


For continuous irradiation (LDR brachytherapy) at a constant dose rate, the value of Gis: 


? _e tt 
c = Eji- e l (3) 
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where u is the repair-rate constant (i.e., 0.693 per u is the half-time for repair) (19). 
Typical values for u used in the literature for LQ model calculations are (20) 

For late-responding normal tissues: u = 0.46 h™ (t2 = 1.5 h) 

For tumor: u = 0.46 — 1.40 h (t2 = 1.5-0.5 h). 


e The BED is essentially a "bioeffect dose," which takes into account not only the 


physical dose but also the dose rate, time for each exposure, dose per fraction, and 


time between fractions. 
e This bioeffect dose can be used to convert LDR regimens to HDR; however, it is 


neither advisable nor safe to blindly use a mathematical model such as this without 


first understanding the radiobiologic principles of LDR and HDR equivalence. 


Biologically Effective Dose Calculation of Equivalence 


e For the determination of the HDR regimen equivalent to the LDR course of 57.6 Gy in 


72 hours at 0.8 Gy h”', all that is needed is to equate the BEDs for LDR and HDR for 


both tumor and late-reacting normal tissue cells, as follows: 


BED pr = BEDypr 


e For tumor: Assume repopulation can be ignored and a/ß = 10 Gy, u = 1.4 h™. Then 


equations (1), (2), and (3) give 


51.6 seh Ls i ] = 


14x 10\ 14x 72 


where N and dare the number of fractions and tumor dose per fraction required for 


equivalence, respectively. 


e For late-reacting tissues: a/ß = 2.5 Gy, u = 0.46 h™, and the effective dose to normal 


tissues 
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equals 0.8 times the effective tumor dose: 
Then dividing equation (6) by equation (4) gives: 


(6) 


0.8(1 +032d) 


= 1.495 5 
1+01d is (>) 


or d= 6.53 Gy 


e Substitution of this value of din equations (4) or (6) gives N = 5.94 fractions, but 
because it is not possible to deliver a nonintegral number of fractions, equations (4) 
and (6) can be used to calculate the dose per fraction required in exactly six fractions; 
for this example, this works out to be 6.5 Gy. 


High-Dose-Rate Applications 


e In brachytherapy, normal tissue cells are in close proximity to tumor cells; the dose 
per fraction of HDR required for equivalence to LDR is very low; and several fractions 
are needed. 

e LQ model calculations show that to replace a 60-Gy LDR implant at 0.5 Gy h 
requires 13 fractions of HDR at 3.5 Gy per fraction. Fortunately, HDR has one 
potential advantage: the ability to "optimize" dose distributions by varying the dwell 
times of the stepping source. 

e HDR offers the potential of some "extra" geometric sparing. For the implant described 
above, if f= 1 for LDR, even with just a modest extra sparing of 10% (h f= 0.9 for 
HDR), the LQ model calculations show that the equivalent number of HDR fractions 
reduces dramatically from 13 down to only 6 (20). 

e = This potential optimization advantage of HDR over LDR is lost if the LDR implant also 
uses stepping-source technology. This is the basis of pulsed-dose-rate 
brachytherapy. 


Dose Fractionation in High-Dose-Rate Brachytherapy 


e The relationship between dose and fractionation for HDR and LDR intracavitary 
irradiation of stage | and II carcinoma of the cervix was examined by Arai et al. (2). 
They concluded that the optimal dose fractionation schedules for intracavitary 
irradiation were: (a) for HDR, 28 + 3 Gy in 4 to 5 fractions or 34 + 4 Gy in 8 to 10 
fractions or 40 + 5 Gy in 12 to 14 fractions at point A, and (b) for LDR, 51 + 5 Gy in3 
or 4 fractions at point A. The dose at point A with LDR technique appears low 
compared with those used in European and American practice. 

e Liu et al. (14) developed isoeffect tables, based on the LQ model, to convert 
traditional LDR doses and number of fractions to point A to HDR brachytherapy. 
Depending on dose rate, different exposure values can be calculated for various 
fractionation schedules. They predicted that, using the therapeutic gain ratio, similar 
results would be obtained with either brachytherapy modality, using 2 to 4 fractions of 
LDR and 4 to 7 fractions of HDR. 

e Orton et al. (21) analyzed more than 17,000 patients treated with HDR remote 
afterloading at 56 institutions; the approximate mean value used was 5 fractions, with 
a 7.5-Gy dose per fraction. The ratio of HDR to LDR total dose was 0.5 to 0.6 (Table 
10-1). Survival was equivalent with either HDR or LDR. HDR fraction doses greater 
than 7.5 Gy resulted in a higher incidence of morbidity. 

e 6Petereit et al. (22) published recommendations for dose fractionation with HDR 
brachytherapy in carcinoma of the cervix (Table 10-2), based on clinical experience. 
Except for patients with stage Ill tumors, results of therapy with HDR or LDR were 
found to be equivalent (23). 

e The American Brachytherapy Society (ABS) recently published guidelines for use of 
HDR brachytherapy in carcinoma of the cervix (17). 


e Mate et al. (16) and Martinez et al. (15) have used HDR brachytherapy in 
combination with 45 Gy to the pelvis (4 fields) for treatment of patients with high-risk 
localized carcinoma of the prostate. In dose-escalation studies, the dose per fraction 
and number of fractions have evolved as shown in Table 10-3 (5). 


Table 10-1: Mean values of the number of fractions and dose/fraction to point A for 
high dose rate (HDR) and treatment time and dose rate for low dose rate (LDR), with 
standard errors and the ratio of total doses 


HDR LDR 
Dose per Treatment Dose rate | Ratio of total doses 
Stage | Fractions | fraction (Gy) time (h) (Gy/h) (HDR/LDR) 
| 5.3+0.4 (|7.6+0.4 75.447.3 0.87+0.14 0.60 +0.13 
II 4.7 +0.3 |7.4+0.3 80.2 + 7.0 0.80+0.11 |0.54+0.10 
III 4.6+0.4 |7.4 +0.4 77.3 + 8.9 0.87+0.14 0.50+0.11 
IV 4.7+0.7 (7540.6 79.6 + 18.5 0.89+0.27 0.50+0.21 
All 4.82 + 7.45 + 0.20 78.1 + 4.4 0.85 + 0.07 |0.54 +0.06 


0.21 


From Orton CG, Seyedsadr M, Somnay A. Comparison of high and low dose rate remote 
afterloading for cervix cancer and the importance of fractionation. Int J Radiat Oncol Biol 
Phys 1991;21:1425—1434, with permission. 


Table 10-2: Carcinoma of the cervix: dose per fraction for 3, 4, and 5 fractions of high- 
dose-rate (HDR) brachytherapy and whole-pelvis irradiation 


3 HDR fractions 4 HDR fractions 5 HDR fractions 
Whole (LDR equivalent) (LDR equivalent) (LDR equivalent) Point A 


pelvis (Gy) (Gy) (Gy) Gyio LQED 
45/25/1.8 |8 (35) 6.5 (35) 5.5 (35) 96 80 
45/25/1.8 8.8 (40) 7.2 (40) 6.0 (40) 102 85 
50.4 = = 6.0 (40) 109 90 


LDR, low dose rate; LQED, linear-quadratic effective dose for 2-Gy fraction. 


From Petereit DG. Refresher Course No. 103. High dose rate brachytherapy for carcinoma of 
the cervix. Presented at 40th Annual Meeting of the American Society for Therapeutic 
Radiology and Oncology. Phoenix, AZ, October 1998, with permission. 


Table 10-3: Dose fractionation schedules for high-dose-rate (HDR) brachytherapy 
combined with external irradiation in high-risk carcinoma of the prostate 
HDR 
EBRT fractionation No. of No. of 

Institution Dose (Gy) (Gy) implants | fractions/implant HDR timing 
CET 36 6x4 2 2 Post 
LBMMC 39.6 5.5-6.5 x 4 1 4 Pre 
MMC 45 5.5 x4 1 4 Pre 
SPI 50.4 4 x 4 (Study #1) |1 4 Pre 

45 5.5 x 3 (Study #2) |1 3 Pre 

45 6 x 3 (Study #3) |1 3 Pre 


SC 50.4 5.5 x 3.0 1 3 Pre 
WBH 46 9.5 x 2.0 2 | Concomitant 
CTCA 45 6x3 1 3 Pre 


CET, California Endocurietherapy Cancer Center, Oakland, CA; CTCA, Cancer Treatment 
Centers of America, Tulsa, OK; EBRT, external beam radiation therapy; LBMMC, Long 
Beach Memorial Medical Center, Long Beach, CA; MMC, Memorial Medical Center, New 
Orleans, LA; SC, Scripps Clinic, La Jolla, CA; SPI, Seattle Prostate Institute, Seattle, WA; 
WBH, William Beaumont Hospital, Royal Oak, MI. 


From Brachytherapy Prostate Working Group, Dr. Rodney Rodriguez, Chairman. San 
Francisco, CA, October 1999, with permission. 
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Introduction 


Currently Approved Nonsealed Radionuclide Sources 


Sodium iodine ('“'l): Treatment of hyperthyroidism (diffuse 


toxic goiter, toxic multinodular goiter, solitary toxic thyroid 
nodule); definitive adjuvant therapy and palliation of some 
thyroid carcinomas (papillary, follicular) 


Sodium phosphate (*P): Treatment of myeloproliferative 
disorders such as polycythemia vera and thrombocytosis 


Colloidal chromic phosphate (*P): Intracavitary therapy for 
malignant ascites, malignant pleural effusion, brain cysts 


Samarium ('°’Sm): Palliation of painful bone metastases 


Strontium chloride (*’Sr): Palliation of painful bone 
metastases 


Rhenium ('*’Re): Investigative for several conditions 


Physical characteristics of these radionuclides are 
summarized in Table 11-1. 


e Guidelines for therapeutic use of unsealed radionuclide sources have been published 
by the American College of Radiology (12). 

e Primary uses of nonsealed radionuclide therapy include treatment of the following: 
benign or malignant thyroid disease, hematologic disease, malignant bone disease, 
and benign or malignant disease within a body cavity (3,5,10). 

e |tis mandatory to verify that female patients are not pregnant or breast-feeding at the 
time of oral or intravenous radionuclide therapy. 

e Pregnancy may be ruled out by a negative beta human chorionic gonadotropin test 
obtained within 48 hours before administration of the radiopharmaceutical, 
documented hysterectomy or tubal ligation, a postmenopausal state with absence of 
menstrual bleeding for 2 years, or premenarche. 

e Breast-feeding must be discontinued for 1 to 2 weeks before administration of a 
radiopharmaceutical (13). 


lodine 131 ("*"l) 


e = The biologic half-life ( Tpio.) of iodine in normal adults is 20 to 200 days. With a physical 
half-life (Tppy) of 8.06 days, the effective half-life (Te) may range from 5.74 to 7.74 
days, according to the following formula: 


e The T, of '*"l in postoperative patients with thyroid carcinoma, although not 
extensively investigated, is estimated to be approximately 17 hours (8). 

e Three strategies are used to determine the administered activity for patients with 
hyperthyroidism: 


1. Empiric strategy: Most patients receive 3 to 5 mCi (110 to185 MBq); those who are 
not euthyroid after 6 months receive a second administration. 

2. Fixed-administered activity strategy: Calculated by determining a fixed activity per 
gram of tissue: 


uCi/e selected x gland weight (g)x 100 


Administered Activity (uCi) = % uptake @ 24 br 
re d = 


The mCi per g selected, ranging from 55 to 110 mCi per g (1.5 to 3.0 MBq per g), is 
based on clinical experience. 


3. Delivered dose method: Irradiation dose of 50 to 100 Gy is selected as a target dose 
for the gland: 


Gy selected x gland weight (g) x 100 


Administered Activity (uCi) = % uptake @ 24 hr x 90 


where 90 is a constant based on tissue absorbed fraction of the dose and Tpio of 24 
days. 


e Treatment strategies for postoperative patients with thyroid carcinoma are either 
empiric, with administered activities of 30 to 250 mCi, or are based on the delivered 
dose method. 


Benign Thyroid Conditions 


e "Il for hyperthyroidism is used to treat diffuse toxic goiter (Graves' disease), toxic 


nodular goiter, and solitary toxic nodule. 

e A recent radioiodine thyroid uptake is necessary; the size of the thyroid gland should 
be estimated by palpation or some other means. 

e The patient's system should be free of iodide-containing medications, iodine contrast 
agents, exogenous thyroid hormone, and antithyroid medications. 

e Usual initial absorbed doses are 50 to 200 uCi (1.85 to 7.40 MBq) per g of thyroid 
(after adjusting for current 24-hour radioiodine uptake). 

e For hyperthyroidism, the usual dose is 3 to 5 mCi (110 to 185 MBq). 

e For toxic nodular goiter, doses of up to 30 mCi (1,110 MBq) typically are used; 
however, higher doses may be necessary for large multinodular glands (12). 

e Current Nuclear Regulatory Commission (NRC) regulations require hospital 
confinement if the patient's body contains 30 or more mCi (1,110 MBq). 


e Thionamides (propylthiouracil, methimazole) inhibit organification of iodide; if 131) 


therapy is administered during the first 2 weeks after discontinuing thionamide, the 
dose may need to be increased. 

e Ifthe patient does not adequately respond to a dose of ~ I, subsequent treatments 
may be given, at least 2 months after, to allow for the full effect of the initial treatment 
to occur. 
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Malignant Thyroid Conditions 


Ablation of Thyroid Remnant 


e Thyroid hormones should be depleted so that level of serum thyroid-stimulating 
hormone is elevated; this is done by withholding thyroid hormone replacement (4 to 6 
weeks for thyroxin, 2 weeks for triiodothyronine) after surgery. 

e All routine blood work should be performed, and laboratory specimens obtained, 
before treatment. 

e |fthe remnant is large, thyroid scintigraphy with technetium 99m (TTo) 
(pertechnetate) or iodine 123 CN may be used to determine the thyroid remnant 
uptake of radioiodide. For a very small remnant, a whole-body survey with ie) may be 
useful. 

e Usual oral doses of '*'l (sodium iodine) are 100 to 150 mCi (3,700 to 5,500 MBq). 

e Side effects include radiation gastritis, radiation sialitis, and diarrhea. With larger or 
multiple doses, xerostomia may rarely occur. 

e The patient must be isolated from others and placed on radiation precautions until 
radioactivity is equivalent to 29.9 mCi (1,100 MBq) or less and the exposure rate at 1 
m is lower than 5 mR per hour. 

e On May 29, 1997, the NRC promulgated new rules that allow administration of ` I for 
thyroid diseases on an outpatient basis. The new regulation is contained in Section 
10, Code of Federal Regulations, Part 35 (10 CFR 35), and the specific changes are 
noted in Section 35.75 (13). 

e Activity below which the patient can be discharged, depending on fractional thyroid 
uptake, is shown in Table 11-2. 

e Health care providers (licensees) are authorized to release from their control any 
individual who has received a radiopharmaceutical or permanent implant(s) 
containing radioactive materials if the total effective dose equivalent (TEDE) to any 
other individual from exposure to the released individual is not likely to exceed 5 mSv 
(500 mrem) (6). 

e There are three additional requirements imposed by the new ruling: 
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1. Itis required by 10 CFR 35.75(b) that the licensee provide the released individual 
with instructions, including written instructions, on actions recommended to maintain 
doses to other individuals As Low As Is Reasonably Achievable (ALARA), if the 
TEDE is likely to exceed 1 mSv (100 mrem). If the dose to a breast-feeding infant or 
child could exceed 1 mSv (100 mrem), assuming no interruption of breast-feeding, 
the instructions would also include (a) guidance on the interruption or discontinuation 
of breast-feeding and (b) information on the consequences of failure to follow the 
guidance. 

2. Itis required by 10 CFR 35.75(c) that the licensee maintain a record, for 3 years after 
the date of release, of the basis for authorizing the release of an individual, if the 
TEDE is calculated by (a) using the regained activity rather than the activity 
administered, (b) using an occupancy factor of less than 0.25 at 1 m, (c) using the 
biologic or effective half-life, or (d) considering the shielding by tissue. 

3. In 10 CFR 35.75(d), the licensee is required to maintain a record, for 3 years after the 
date of release, that instructions were provided to a breast-feeding woman if the 
radiation dose to the infant or child from continued breast-feeding could result ina 
TEDE exceeding 5 mSv (500 mrem). 


e It is the policy at Mallinckrodt Institute of Radiology to determine a 48-hour whole- 
body retention of 1311; this measurement is made with a thyroid uptake detector. 


e This whole-body retention percentage is a very conservative assumption of the long- 
lived thyroidal component. This retention percentage is inserted into the equation for 
the three-component model, and the dose to infinity to the maximally exposed 
individual is determined. 

e The maximum ‘"! activity that can be administered to a patient who is to be 
immediately released can be determined such that the dose to infinity to the 
maximally exposed individual is less than 5 mSv (500 mrem). This administered 
activity is easily determined from a lookup table of activity, based on the whole-body 
retention percentage (6). 

e The NRC published the companion Regulatory Guide 8-39 in April 1997 (12). 

e Grigsby et al. (7) monitored radiation exposure to household members and four 
rooms of 30 patients who received 1311 after thyroidectomy for differentiated thyroid 
carcinoma. All dose measurements were well below the limit (6 mSv) mandated by 
NRC regulations. 

e |f exposure levels are higher than 5 mSv and the patient must temporarily remain in 
the hospital: 

o Itis not normally necessary to store body effluents (urine, stool, or vomitus), 
but the commode should be flushed after use to ensure sufficient dilution of 
radioactivity. 

o Surfaces that the patient is likely to touch (floor, faucets, light switches, 
telephone) should be protected with absorbent pads or plastic. 

o Food trays and linens should be stored in the room until monitored and 
cleared, or until the patient is discharged. 

o All trash and residual nondisposable items must be monitored after the 
patient's release, and stored until radiation levels reach the statutory level 
defined for safe disposal or reuse. 

o After all contaminated materials are removed, the room must be surveyed to 
verify that radiation levels are sufficiently low to permit general use (12). 


Residual Thyroid Cancer 


131] should demonstrate abnormal concentration of 


e A whole-body scan performed with 
tracer. 

e Rising thyroglobulin radioimmunoassay titer or absolute levels above 30 ng per dL 
may be used in lieu of scintigraphic studies to demonstrate functioning tissue as an 
indication for treatment. 

e For residual tumor in thyroid bed, usual doses are 100 to 150 mCi (3,700-5,550 
MBq). 


Thyroid Metastases 


e Usual doses are 150 to 200 mCi (5,550 to 7,400 MBq); larger doses have been used, 
but at the risk of bone marrow depression. 

e Pulmonary fibrosis may occur after therapy of widespread lung metastases with 
doses over 175 mCi (6,475 MBq). 

e Appropriate testing (e.g., complete blood count, pulmonary function studies) should 
be considered before treatment. 


Phosphorus 32 (*’P) 


e In healthy adults, sodium 3P distributes uniformly throughout the body after injection. 

e After 72 hours, bone marrow, spleen, and liver concentrate approximately 10 times as 
much activity per unit weight as other organs. 

e Once equilibrium is established (after approximately 72 hours), the body loses 
approximately 6% of activity daily (7.4 of 11 days). 

e Administered activity of 4 mCi given to treat polycythemia vera in a 70-kg person is 
estimated to be 115 cGy to bone and 17 cGy to body soft tissue. 


e In an organ in which the concentration of ““P is CuCi per g, the dose rate Dis 


D(cGy/day) = 2.13CxE, 


where Eis the average energy (0.69 MeV) per decay of the isotope. The total dose to 
the organ is 


Tarr X! 


D(cGy) = 73.8 C nax X Ep Topel! -e ) 


max 


where Cmax is maximum concentration in microcuries per gram, and tis total elapsed 
time that the radioisotope is present in the organ (1). 


e Chromic *P is a radiocolloid, with biokinetics and dosimetry different from sodium 
32P; the colloid particles are 0.05 to 1.00 um in diameter in a glucose suspension. 

e Chromic *P is not absorbed systemically, but tends to collect on intracavitary 
surfaces; dose calculations are based on the assumption of uniform distribution of 
colloid particles over the surface of the cavity. When this assumption is used, dose is 
calculated by 


dA E = R nox _ i 
D(z) = Jo nE. 2n x P(x)dx 
1 


where D(z) = absorbed dose at a distance z from an infinitely extended plane source 
(cGy), “^as = number of disintegrations per second per unit area (dis -s '- cm”), and 
t = residence time of the activity. 


Polycythemia Vera 


e Intravenous sodium *”P is indicated for polycythemia vera and thrombocytosis. 

e The dose may be standard (3 mCi [111 MBq]) or based on body surface area (2.3 
mCi [85 MBq] per mô, but usually should not exceed 5 mCi (185 MBq). 

e Relapse or failure to respond within 12 weeks may require retreatment with doses up 
to 7 mCi (260 MBq). 

e °P should not be given if platelet count is less than 100,000 per mL or leukocyte 
count is lower than 3,000 per mL (12). 


Malignant Ascites or Pleural Effusion 


e The most common use of colloidal chromic *’P is adjuvant therapy of intraperitoneal 
metastasis from ovarian or endometrial carcinoma. 

e Usual intraperitoneal dose is 10 to 20 mCi (370 to 740 MBq); the average is 15 mCi, 
administered with approximately 1,000 mL of sterile normal saline. Procedures are 
detailed elsewhere (5). 


Uniform spread of the radiopharmaceutical throughout the affected cavity should be 
documented using °°"Tc sulfur colloid or intraperitoneal injection of sterile 
radiographic contrast, followed by appropriate imaging. 

Chromic *P is used to treat malignant pleural effusions, pleural mesotheliomas 
(doses of 6 to 12 mCi [222 to 444 MBag]), and malignant pericardial effusions. 

Other indications include cystic craniopharyngiomas and, in smaller doses, as an 
agent for radiation synovectomy. 


Samarium 153 ('Sm) (Quadramet) 


Quadramet is a therapeutic agent consisting of radioactive 153Sm anda 
tetraphosphonate chelator, ethylenediaminetetramethylenephosphonic acid 
(EDTMP). 

Quadramet is formulated as a sterile, nonpyrogenic, clear, colorless to light-amber 
isotonic solution for intravenous administration. 

'88Sm-EDTMP has an affinity for bone and concentrates in areas of bone turnover, in 
association with hydroxyapatite. Quadramet accumulates in osteoblastic lesions at a 
greater rate than in normal bone, with a lesion to normal bone ratio of approximately 
5 (11). 

The recommended dose of Quadramet is 1 mCi per kg (87 MBq per kg) administered 
intravenously over a period of 1 minute through a secure indwelling catheter and 
followed with a saline flush. 

The total administered activity of '°°Sm-EDTMP, predicted on a 2-Gy bone marrow 
dose, varied from 35% to 63% of the standard recommended dose of 1 mCi per kg 
(37 MBq per kg’). Doses of 38 MBq per kg” resulted in bone marrow doses of 3.27 
to 5.90 Gy, at which myelotoxicity would have been anticipated. Caution should be 
exercised when the dose is determined for a very thin or very obese patient. 


Strontium 89 (®Sr) 


8Sr is an analog of calcium and concentrates in osteoblastic bone cancer lesions. 
After intravenous injection of ionic 8Sr, it is cleared rapidly from the blood; 
approximately 50% of injected activity is deposited in bone, where it may remain for 
as long as 100 days. 

The standard dose is 40 to 60 mCi (1.48 to 2.22 MBq) per kg of body weight, given 
intravenously; current available formulation is 4 mCi per vial. 

®°Sr scans have been used to calculate absorbed doses (6 to 61 cGy per MBq 
administered activity) (2). Estimated doses to normal tissue in a normal adult (70 kg) 
are 59 cGy per mCi to surface of bone, 40 cGy per mCi to red bone marrow, 3 cGy 
per mCi to whole body, and 0.23 cGy per mCi to urinary bladder wall. 


Bony Metastases 


Patients with osseous metastases with increased tracer uptake on bone scintigraphy 
and competent bone marrow (white cell count greater than 2,400 per mm? and 
platelet count greater than 60,000 per mm’) are candidates for radiopharmaceutical 
therapy. 

A "flare" of bone pain, lasting several days, occurs in approximately 10% of patients. 
Extravasation of '°°Sm or ®Sr can cause skin necrosis near the injection site; thus, it 
is imperative to have excellent intravenous access for injection. 

Bone marrow depression occurs transiently (nadir at approximately 4 weeks), with 
recovery in 3 to 6 additional weeks. 

Complete blood and platelet counts should be performed routinely for 10 to 12 weeks 
(12). 

External beam irradiation may be used with '*’Sm or °°Sr for local treatment of 
severely painful sites. 

Wide-field hemibody irradiation should not be given within 2 to 3 months of 
radiopharmaceutical administration because of potential myelotoxicity. 


Patients should not have received long-acting myelosuppressive chemotherapy for 6 
to 8 weeks, or other forms of myelosuppressive chemotherapy for at least 4 weeks, 
before administration of '°°Sm or ®Sr, because of potential marrow toxicity. 
Retreatment may be given in the case of initial treatment failure; the dose is 40 to 60 
Ci (1.48 to 2.22 MBq) per kg of body weight. Special attention should be paid to 
recovery of bone marrow and blood counts. Retreatment generally should not be 
given sooner than 90 days from the last 153Sm or °°Sr administration, unless white 
blood cell and platelet counts have adequately recovered (13). 


Rhenium 186 (‘*Re) 


'86Re has been complexed with a bone-seeking phosphorate, 
hydroxyethylenediphosphonate, to form '®°Re-HEDP. 

After intravenous injection, '®°Re-HEDP is rapidly cleared from blood; approximately 
50% is deposited in bone, with minimal extraosseous uptake. 

Excretion is through the kidneys into the urine. 

Based on 50% absorption rates, administered activities of 33 to 35 mCi will deliver 
maximum doses of 0.75 Gy to the red marrow (9). 

Evaluation of pharmacokinetics of '®°Re-HEDP therapy in 11 patients with breast or 
prostate metastases showed that the bone marrow absorbed dose can be predicted 
from a diagnostic pretherapy °°"Tc-MDP (methylene diphosphonate) scintigram (4). 
'86Re remains largely experimental but has been investigated for radiation 
synovectomy, cystic craniopharyngioma, cystic astrocytoma, medullary thyroid 
carcinoma, and bone metastasis. 

Intraperitoneal administration has been used for metastatic ovarian carcinoma. 


Table 11-1: Clinically used nonsealed radionuclides 


Emitted particles Emax 


Radionuclide Beta (£ ) Gamma (y) Physical half-life (days) | Decays to 


131) 


32p 
153Sm 
89Sr 
188Re 


606 KeV (10%) 364 KeV (81%) 8.06 131Xe 
337 KeV (7.3%) 
284 KeV (6%) 


1.70 MeV = 14.3 32S 
0.81 MeV 0.29 MeV 1.9 — 
1.46 MeV = 50.6 89y 


1.07 MeV (19%) |137 KeV (9%) 13.8 = 


Table 11-2: Postthyroidectomy for thyroid cancer 


Fractional thyroid uptake of Administered activity below which patient can be 
I 


0.025 
0.035 
0.05 
0.075 
0.10 
0.125 
0.15 
0.175 
0.20 


released (mCi)? 
257 
241 
220 
193 
171 
154 
140 
128 
119 


0.225 
0.25 
0.275 
0.30 
0.325 
0.35 
0.375 
0.40 
0.425 


110 
103 
96 
91 
86 
81 
77 
73 
70 


“The maximum releasable activity for thyroid uptakes not listed can be computed from the 
equation Q = 500 + [162 + 12.9F5], where Qo = maximum administered activity in mCi and Fə 
= the measured fractional thyroid uptake. 


Quality Assurance and Nuclear Regulatory Commission 


Quality assurance (QA) policies and procedures should be developed by each 
institution performing nonsealed radionuclide therapy to protect the patient, public, 
and medical personnel from unnecessary radiation exposure. 

Specific QA procedures are beyond the scope of this chapter; however, areas that 
should be addressed in such a program are outlined below. 

Care should be taken in ordering the specific isotope, formulary, and quantity for each 
patient; different foundations of the same isotope must be recognized, such as 
chromic **P (used for pleural or peritoneal instillation) versus sodium 32p (used 
intravenously for polycythemia vera). 

Timing and vendor delivery capabilities should be taken into account to ensure that 
the appropriate activity of the isotope is available on the date of administration. 
Packaging must be surveyed on delivery; appropriate protection should be used in 
opening it. 

The activity of the radioisotope should be determined with a dose calibrator that has 
been evaluated for linearity, constancy, and accuracy. 

According to Title 10, Code of Federal Regulations 35 (13), administration of an 
activity of a radiopharmaceutical that differs from the prescribed activity by more than 
20% (smaller or larger) constitutes a "misadministration." If the difference is between 
10% and 20%, administration is a "recordable event." The activity of record of "°'I, 
2p 153Sm, ®Sr, and Re shall be administered only if it differs by less than 10% 
(larger or smaller) from the activity prescribed by the authorized user. Compliance 
with NRC regulations regarding prescribed activity is mandatory. 

Before administration of the radioisotope, the following items must be confirmed in 
accordance with our QA program: informed consent signed; written directive signed 
and dated by authorized user; prescribed activity correct to within 10%; and patient 
identified by two methods. 

Previous NRC regulations (10 CFR 35.75) have been revised (13). At present, 
patients are hospitalized until the total body burden of 131] is less than 33 mCi or the 
exposure rate at 1 m from the patient is less than 7 mrem per hour. Patients receiving 
30 mCi or less, and those who will not subject anyone to more than 5 mSv (500 
mrem), receive '*"| administration as outpatients (14). 

Consistent with their patient care responsibilities, nurses should reduce their 
exposure to radiation emitted from the patient by reducing their time with the patient, 
increasing their distance from the patient, and using shielding. 

Institutions should develop standard emergency procedures for radioisotope spills. 
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Introduction 


e Rapid advances in radiation oncology, biology, and physics have led to an 
accumulation of information on the interactions of radiation with other therapeutic 
modalities (chemotherapy, biologic-response modifiers) and have had an impact on 
the understanding of normal tissue toxicities. 

e Radiation doses customarily deemed safe may no longer be so because, when 
combined with another modality, these doses can lead to severe late effects in 
different vital organs. Previously defined radiation tolerance doses (TDs5 and TDsqs) 
remain as valuable guides, but their applicability has changed. 

e Emphasis now is placed on the volume of the organ irradiated, in addition to the 
dose; and a new construct relating global (whole organ) and focal (partial volume) 
injury as a function of the dose-volume histogram is presented. 

e Mathematical models such as the nominal standard dose, time-dose factor, and 
cumulative radiation effect have been supplanted by the linear-quadratic equation, 
using the a/ß ratio and its clinical applicability to normal tissue complication 


probability estimates (25). 


e Tables 12-1 and 12-2 summarize previously defined whole- and partial-organ 
tolerance. Detailed information regarding a few important organs is described below. 


Table 12-1: Tolerance doses (TD;,5—TDso,5) to whole-organ irradiation 


Organ Single dose (Gy) 
Lymphoid [2—5 | 
Bone marrow 2-10 
Ovary 26 — 
Testes (2-10 
Eye (lens) 2-10 
‘Lung [7-10 
Gastrointestinal ‘5-10 
Colorectal 10-20 


Testes 

i Eye (lens) 
Lung 
Kidney 
Liver 
‘Skin 
Thyroid 


Organ 


[6-10 
6-12 


[20-30 
35—40 


_ Fractionated dose (Gy) | 
1-2 


20-30 


30—40 
30—40 


Kidney 10-20 Heart 40-50 
Bone marrow 15-20 Lymphoid 40-50 
Heart 1-20 Bone marrow 40-50 
Liver 15-20 Gastrointestinal 50-60 
Mucosa 5-20 VCTS 50-60 
VCTS 10-20 Spinal cord 50-60 
Skin 15-20 Peripheral nerve 65-77 
Peripheral nerve 15-20 Mucosa 65-77 
Spinal cord 15-20 Brain 60-70 
Brain 15-25 Bone and cartilage >70 
Bone and cartilage (>30 Muscle >70 
Muscle >30 


VCTS, vasculoconnective tissue systems. 


Modified from Rubin P. The law and order of radiation sensitivity, absolute vs. relative. In: 
Vaeth JM, Meyer JL, eds. Radiation tolerance of normal tissues. Frontiers of radiation 
therapy and oncology, vol 23. Basel: Karger, 1989:7—40. 


Table 12-2: Normal tissue tolerance to therapeutic irradiation 


TD; volume TDso5 volume 
Organ 13 | 23 | 33 + 13) 23 | 33 Selected end point 
Kidney 50 (30 23 — 140 28 Clinical nephritis 
Brain 60 (50 45 75 J65 60 Necrosis infarction 
Brainstem 60 (53 50 = [- 65 Necrosis infarction 


Spinal cord 5 10 20 #5 10 20 
cm cm jcm |cm jcm [cm 


50 (50 47 70 (70 |= Myelitis necrosis 
Lung 45 |30 17.5 65 |40 (24.5 |Pneumonitis 
Heart 60 |45 (40 70 (55 |50 Pericarditis 


Esophagus (60 |58 55 72 |70 68 Clinical stricture/perforation 
Stomach 60 /55 |50 70 67 |65 Ulceration, perforation 


Small 50 — 40 60 — 55 Obstruction perforation/fistula 

intestine 

Colon 55 — 45 65 — 55 Obstruction perforation/ 
ulceration/fistula 

Rectum 75 65 60 — — 80 Severe proctitis/necrosis/fistula 

Liver 50 35 (30 55 45 |40 Liver failure 


Modified from Emami B, Lyman J, Brown A, et al. Tolerance of normal tissue to therapeutic 
irradiation. Int J Radiat Oncol Biol Phys 1991;21:109-122. 


Brain 


Clinical detection: Headache, somnolence, intellectual deficits, functional neurologic 
losses, and memory alterations may occur during, shortly after, o-—most often—as a 
delayed effect, at 6 months. 

Time course of events: Brain necrosis and gliosis require 6 to 12 months to develop. 
Dose/time/volume: Doses of 50 Gy to whole brain in 1.8- to 2.0-Gy fractions generally 
are well tolerated; in children the threshold doses are 30 to 35 Gy (5). TDs in adults 
for necrosis is greater than or equal to 50 Gy (54 Gy) (17); a threshold dose of 57.6 
Gy was noted by Leibel and Sheline (15) using 1.8- to 2.0-Gy fractions. With focal 
areas, the TDs, is between 70 and 80 Gy, as evidenced by a recent Radiation 
Therapy Oncology Group study (20). 

Chemical/biologic modifiers: Concomitant use of carmustine (BCNU) is well tolerated, 
but immediate subsequent use of methotrexate, intrathecally or intravenously, is of 
concern. 

Radiologic imaging: Four stages have been described on magnetic resonance 
imaging, from early whitening in the periventricular region to a diffuse coalescence of 
white and gray matter into an intense signal region, along with loss of structure (6). 
Differential diagnosis: Positron emission tomography scans indicate hypometabolic 
zones for necrosis and hypermetabolic zones for tumor. 

Pathologic diagnosis: Establishing diagnosis is indicated only if tumor recurrence or 
progression is suspected. Alterations in vasculature and loss of myelination due to 
oligodendrocytic death are well documented. 

Management. This is often symptomatic treatment with analgesics and antiseizure 
medications, such as phenytoin (Dilantin) and barbiturates; as headaches and 
neurologic deficits increase, high-dose corticosteroids are used. 

Follow-up: The patient is seen every day or week until relief is obtained, and then at 
1- to 3-month intervals. 


Spinal Cord 


Clinical detection: Paresthesias (tingling sensation, shooting pain, Lhermitte's sign), 
numbness, motor weakness, and loss of sphincter control may progress through 
Brown-Séquard's syndrome to total paraparesis and paraplegia. 

Time course of events: Clinically, Lhermitte's syndrome occurs 2 to 4 months after 
irradiation and persists, or returns, at 6 to 9 months. Paresis, numbness, and altered 
sphincter control appearing at 6 to 12 months, with progression, compose the classic 
onset of radiation-induced spinal cord transection (24). 

Dose/time/volume: The most widely observed dose limit for the spinal cord is 45 Gy in 
22 to 25 fractions. Marcus and Million (16) found that 45 Gy, conventionally 
fractionated, is on the flat part of the dose-response curve and yields an incidence of 
myelopathy of less than 0.2%. TDs level is probably 57 to 61 Gy; TDs is 68 to 73 Gy. 
No volume effect has been shown. Shortening the interval from 24 hours to 6 to 8 
hours reduces spinal cord tolerance by 10% to 15%. 

Chemical/biologic modifiers: Intrathecal and intravenous use of concomitant 
methotrexate, cisplatin (CDDP), and etoposide (VP-16) has neurotoxic results. 
Radiologic imaging: Magnetic resonance imaging may show cord swelling or atrophy, 
decreased intensity on T1-weighted images, or increased intensity on T2-weighted 
images (30). 

Differential diagnosis: Epidural metastasis or compression secondary to vertebral 
metastases must be excluded. 

Pathologic diagnosis: This is not possible until postmortem. 

Management: Currently, corticosteroids are prescribed, using an intensive 
intravenous schedule as with multiple sclerosis patients: methylprednisolone (Solu- 
Medrol) 1,000 mg i.v. for 3 to 5 days; followed by a gradual tapering of dose to 
stabilize progress. 

Follow-up: Intensive nursing and rehabilitative care are essential. 


Lung 


Heart 


Clinical detection: Cough, pink sputum, and pleuritis are common, with pneumonitic 
reaction limited to the irradiation field with a geometric outline on chest film. Fibrosis 
leads to decreased pulmonary function and heart failure. 

Time course of events: Usually, radiation reactions occur 1 to 3 months after 
fractionated and single-dose therapy. When chemotherapy has been used, as in 
total-body irradiation and bone marrow transplantation conditioning regimens, 
reactions occur during treatment. 

Dose/time/volume: For single doses to the whole of both lungs, TDs is 8 Gy; for 
fractionated doses of 1.8 to 2.0 Gy with limited volume (less than 30%), it is 45 to 50 
Gy. Emami et al. (10) estimated the risk of 5% and 50% of radiation pneumonitis for 
partial lung irradiation to be 17.5 and 24.5 Gy, respectively. 

Armstrong (2) described a significant correlation between the occurrence of severe 
radiation pneumonitis and the volume of lung receiving 25 Gy: 38% of Grade 3 
toxicity occurred when more than 30% of lung received 25 Gy or more, versus 4%. 
The Washington University clinical experience showed that the total lung volume 
receiving more than 20 Gy appeared to be a good predictive factor for pneumonitis 
(11). 

Chemical/biologic modifiers: Actinomycin D, doxorubicin (Adriamycin), bleomycin, 
BCNU, and interferons (a, B, and y) may enhance radiation pneumonitis. 

Radiologic imaging: Computed tomography should be used to confirm chest film 
findings of pneumonitis or fibrosis compatible with irradiation fields by comparison to 
high isodose-curve outlines in cross-sectional contours. 

Laboratory tests: Serum surfactant apoprotein and plasma transforming growth 
factor-B levels are being tested, and appear to correlate with clinical findings (1,18). 
Differential diagnosis: Recurrence, metastases of cancers (Hodgkin's disease, 
lymphomas), pneumonia, and infiltrates such as lymphangitic spread patterns must 
be ruled out. 

Pathologic diagnosis: Tissue diagnosis rules out recurrent disease. 

Management: This most often involves high-dose steroids, starting with prednisone 
(50 mg) or dexamethasone (16 to 20 mg) for pneumonitis. Symptoms clear rapidly 
within 24 to 48 hours. Cortisone is tapered until symptoms recur. 

Follow-up: The patient should be maintained on cortisone for several months, after 
which the dose should be tapered, and the patient weaned from the drug as 
symptoms diminish. 


Clinical detection: Electrocardiogram changes during irradiation are not due to 
cardiac injury related to treatment. Pericardial damage is most common, but recent 
interest in coronary artery disease (CAD) and cardiomyopathies has been noted, 
particularly in pediatric patients with long-term follow-up (3,7,12,26,28). 

Time course of events: Pericardial disease (effusion) usually appears within 6 months 
to 1 year, and may persist as a constrictive process. CAD appears 10 to 15 years 
after irradiation, but is associated with the usual risk factors of obesity, smoking, and 
hypertension. 

Dose/time/volume: The incidence of pericardial disease decreases with the use of 
subcarinal shields blocking the major ventricles at 30 Gy. Doses should be limited to 
60 Gy for less than 25% of cardiac volume and 45 Gy for more than 65% of cardiac 
volume (27). 

Chemical/biologic modifiers: Doxorubicin (which causes cardiomyopathy) below 500 
mg per mē is recommended when combined with irradiation (18). 

Radiologic imaging: Increase in size of cardiac silhouette on chest films, 
echocardiogram for effusion, equilibrium radionuclide angiocardiography to measure 
ejection fractions, and quantitative thallium scintigraphy, all are helpful in establishing 
cardiac injury. None is pathognomonic. 


Liver 


Differential diagnosis: Recurrent cancers of lung and esophagus, relapsing 
mediastinal Hodgkin's disease, and non-Hodgkin's lymphoma must be excluded. 
Pathologic diagnosis: Open biopsy of the pericardium is performed if necessary. 
Management: lf tamponade develops, pericardial tapping becomes necessary. 
Preventive measures are desirable in reducing the incidence of CAD. 

Follow-up: Young adults and the pediatric population should be informed that they are 
at high risk for CAD 


Clinical detection: Vague to intense right upper abdominal pain is followed by 
abdominal swelling due to hepatomegaly and ascites. 

Time course of events: Anicteric ascites develops 2 to 4 months after irradiation 
alone; chemoirradiation-induced liver disease occurs at 1 to 4 weeks with bone 
marrow transplantation. 

Dose/time/volume: The whole liver can receive 20 to 30 Gy, with an upper threshold 
of 33 to 35 Gy and onset of radiation hepatopathy at more than 35 Gy. One-third to 
one-half of the liver volume can receive more than 40 Gy without complications. 
Chemical/biologic modifiers: Nitrosoureas (BCNU, lomustine [CCNU)]) lead to 
cholestasis and necrosis. 

Radiologic imaging: Enlarged liver may be detected. 

Laboratory tests: Increased alkaline phosphatase and aspartate transaminase (serum 
glutamic-oxaloacetic transaminase) with low bilirubin may occur. 

Differential diagnosis: Metastatic liver disease can be diagnosed by computed 
tomography. Budd-Chiari syndrome is caused by hepatic vein occlusion secondary to 
metastases in the porta hepatic and paraaortic nodes. 

Pathologic diagnosis: The characteristic lesion is central vein venoocclusive disease, 
characterized by occlusion and obliteration of the central veins of the hepatic lobules, 
with retrograde congestion and secondary necrosis of hepatocytes. Liver biopsy can 
yield diagnosis and several characteristic patterns. 

Management. There is no effective treatment to reverse the process; attention to 
dose and volume is best to prevent hepatopathy. 

Follow-up: Intensive medical and nursing care are required. 


Kidney 


Clinical detection: Five clinical syndromes may overlap in symptoms, signs, and time 
sequence: (a) acute radiation nephropathy; (b) chronic radiation nephropathy; (c) 
benign or (d) malignant hypertension; or (e) hyperreninemic hypertension (Goldblatt 
kidney). 

Time course of events: A 6-month latent period is followed by acute nephritis (at 6 to 
12 months), chronic nephritis (at or after 18 months), benign hypertension (after 18 
months), malignant hypertension (at 12 to 18 months), and hyperreninemic 
hypertension (at or after 18 months). 

Dose/time/volume: Renal tolerance (TDs,s) is 20 Gy when both kidneys are irradiated. 
With unilateral irradiation, some dysfunction starts at 15 Gy, and function may be lost 
by 25 to 30 Gy. Impaired renal function in the pediatric population is reported with 12 
to 14 Gy (23). 

Chemical/biologic modifiers: Cisplatin, BCNU, and actinomycin D can be toxic. 
Radiologic imaging: Alterations in scintigraphic technetium-99m renograms reflecting 
blood flow correlate with biochemical and clearance end points (8). Late-stage 
atrophy after unilateral irradiation is identified with imaging such as CT. 

Laboratory tests: Microscopic hematuria, proteinuria, and urinary casts are noted on 
urinalysis. An initial rise in glomerular filtration rate and renal blood flow is followed 
later by a decrease. 

Differential diagnosis: Hypertension and renal failure due to benign causes must be 
excluded. 


Pathologic diagnosis: Biopsy seldom is needed. Glomerular tuft obliteration and 
tubular degeneration are typical findings. 

Management: Reducing renal workload, bed rest, low-protein diet, and fluid and salt 
restrictions are required. Long-term survivors receive dialysis and renal 
transplantation. 

Follow-up: Once a syndrome is detected, repeat examination of urinary and serum 
values, and monitoring of blood pressure, should be performed. 


Small and Large Intestines 


Clinical detection: Increased stool frequency is seen during acute phase. Late effects 
include melena, obstruction, and weight loss. Severity of acute mucositis and its 
symptoms is unrelated to the severity or grade of the late effects. 

Time course of events: Acute symptoms of diarrhea during therapy are not related to 
late effects of stricture and ulceration, which present at 6 months to 2 years. 
Dose/time/volume: Tolerance doses are 50 to 60 Gy, with necrosis or obstruction due 
to vascular infarction and ulceration or strictures and adhesions. The small bowel 
should be excluded after 50 Gy. 

Chemical/biologic modifiers: 5-Fluorouracil infusions are well tolerated with 
irradiation, but prolonged maintenance on high doses of chemotherapy can lead to 
injury when the radiation threshold is reached. 

Radiologic imaging: Obstruction patterns of dilated bowel loops, loss of feathery 
mucosal surface on haustral markings after persistent stricture, and narrowing or 
shallow ulceration with perforation are the most common findings. 

Differential diagnosis: Recurrent abdominal malignancies can lead to obstruction and 
stricture. 

Pathologic diagnosis: Infarction necrosis associated with arterial thromboses, and 
sclerosis or gliosis and microvasculature obliteration in the bowel wall, are classic. 
Management: Conservative measures in the acute phase include antiemetic and 
antidiarrheal agents. Once serious bleeding occurs and the danger of ulceration and 
perforation exists, surgical resection of the affected loops can be life-saving. 
Cholestyramine resin is recommended for choleric diarrhea. 

Follow-up: Once detected, radiation injury needs careful scrutiny. 


Salivary Glands 


Clinical detection: Xerostomia encompasses a wide range of symptoms, from 
inconvenience in eating or speaking to a debilitating condition. Reduction in salivary 
flow, per se, is not life threatening, but alteration of eating function and deterioration 
of dental and oral health has a significant impact on the quality of life. 

Time course of events: Acute xerostomia may occur after 1 to 2 weeks of fractionated 
irradiation. 

Dose/time/volume: The mean dose thresholds for both unstimulated and stimulated 
parotid saliva flow rates to reduce to less than 25% of pretreatment level were 24 and 
26 Gy, respectively (9). Chao et al. (4) reported that the saliva flow rate reduced 
exponentially and independently for each gland, at the rate of approximately 4% per 
Gy of the mean parotid dose. This implies that approximately 50% or more of the 
baseline saliva flow can be retained if both parotid glands receive a mean dose of 
less than 16 Gy. If both parotid glands receive a mean dose of 32 Gy, the reduction of 
stimulated saliva will be approximately 25% of the pretreatment value. The reduction 
of stimulated and unstimulated whole saliva flow did alter patients’ subjective 
xerostomia/eating/speaking functions, and preserving saliva function translated into 
better quality of life. 

Chemical/biologic modifiers: Amifostine may prevent salivary gland injury during 
radiation therapy. Chao et al. (4) reported no significant influence of 
chemotherapeutic agents on salivary gland tolerance to irradiation. 


Management: Xerostomia symptoms usually are permanent, which demonstrates the 
importance of prevention. Pilocarpine may increase saliva output. 

Follow-up: Maintain oral hygiene. Dental evaluations should be performed every 3 
months. 


Cornea, Lacrimal Gland, and Lens 


Clinical detection: Mild keratitis may present as a foreign body sensation, discomfort, 
or tearing. Damage to the lacrimal gland with resultant dry eye may lead to severe 
keratitis sicca, corneal ulceration, and perforation of the globe. Cataract may form 
after irradiation to the lens. 

Time course of events: Twenty-four hours after radiation, the conjunctiva and other 
periocular tissues were edematous and diffusely infiltrated by neutrophils. Vascular 
changes consisted of dilated blood vessels and hypertrophy of the endothelium, but 
the meibomian glands and goblet cells were normal at this time. 

Dose/time/volume: Keratitis, edema, and corneal ulcers can occur after 30 Gy when 
large fractions (10 Gy) are used, but the tolerance is higher (approximately 50 Gy) 
when conventional fractionation is used. The lacrimal glands have TDs;/so at 50 to 60 
Gy. Doses greater than 60 Gy result in keratoconjunctivitis sicca and lead to 
permanent loss of secretions. The transient eyelid effects of eyelash loss, erythema, 
and conjunctivitis are noted at 30 to 40 Gy, but permanent lash loss is associated 
with doses greater than 50 Gy with conventional fractionation. Small doses (2 to 3 
Gy), particularly when delivered in a single session, may lead to cataract formation. 
Fractionated radiation doses exceeding 12 Gy are believed to cause cataracts, 
according to Merriam and Focht (19). When single-dose (8 to10 Gy) total-body 
irradiation was used, cataracts developed in 80% of survivors; the incidence of 
cataracts fell to 10% when fractionated total-body irradiation (less than or equal to 2 
Gy/fraction) was given to an even higher total dose (12 to 14 Gy). 
Chemical/biologic modifiers: Little information is available in this aspect. 
Management: Management of keratitis and dry eyes consists of aggressive 
lubrication, patching, and antibiotic drops as necessary. Surgery is the treatment of 
choice for cataract, should it occur. 

Follow-up: Once detected, radiation injury needs careful scrutiny. 


Retina and Optic Tract 


Clinical detection: Radiation retinopathy may produce floaters, visual distortion, and 
decreased visual acuity. Microaneurysms, telangiectasis, macular edema, and retinal 
hemorrhages are common. 

Time course of events: Radiation retinopathy may occur in a few months. Symptoms 
for optic tract injury may take 5 to 10 years to develop. 

Dose/time/volume: Radiation retinopathy is rare at 45 Gy after conventional fractions 
of irradiation. Nakissa et al. (21) reported that all patients who received over 45 Gy to 
the posterior pole had recognizable changes; however, most of these changes did not 
affect vision. Decreased visual acuity occurred only in patients receiving over 65 Gy. 
Half of the patients displayed some changes at 60 Gy, and 85% to 90% displayed 
changes at 80 Gy. Parsons et al. (22) reported no optic nerve injury in patients 
receiving less than 59 Gy (less than or equal to 1.9 Gy per day); however, the 15- 
year actuarial incidence of optic nerve injury reached 11% for doses above 60 Gy 
(less than or equal to 1.9 Gy per day). When daily fraction size increased to 2.1 to 2.2 
Gy per fraction, Jiang et al. (14) observed the 5- and 10-year complication rate of 
34%. The dose to the optic apparatus during stereotactic radiosurgery should be 
under 8 Gy, because Tishler et al. (29) reported that 4 of 17 patients (24%) receiving 
greater than 8 Gy to any part of the optic apparatus developed visual complications, 
compared with 0 of 35 who received less than 8 Gy (p = .009). 


e Chemical/biologic modifiers: Chemotherapy increases the toxic effects of radiation to 
the eye. 

e Management: No effective treatment. Prevention is critical. 

e Follow-up: Once detected, radiation injury requires careful scrutiny. 
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Skin 


Anatomy 


The integumentary system comprises the skin and the appendageal structures 
traversing the skin. 

The epidermis is composed of two layers: The outermost layer is the stratum 
corneum, and the basal layer rests on the basement membrane that separates the 
epidermis from the dermis. Melanocytes, which are pigment-producing cells, are 
located between the basal cells of the epidermis. 

The dermis consists of spindle-shaped fibroblasts that produce collagen, giving the 
skin much of its strength. It contains two vascular plexuses as well as sensory and 
autonomic nerves. 

The skin contains smooth muscles in the form of the musculi arrectores pilorum, 
which attach to the hair shaft and are responsive to cold and sweat. 

Appendageal structures of the skin include the sebaceous, eccrine, and apocrine 
glands. Sebaceous glands are found throughout the skin, except on the palms and 
soles. The apocrine glands are found mainly in the anal and genital areas. 


Epidemiology 


Carcinomas of the skin account for nearly one-third of all cancers diagnosed in the 
United States each year. The incidence is estimated to be over 800,000 new cases 
per year. 

Exposure to solar radiation is the most common cause of skin cancer. 

Other etiologic factors include ionizing radiation, genetic predisposition (xeroderma 
pigmentosa, albinism), arsenic exposure, preexisting chronic skin ulcers related to 

syphilis or burns, and human papillomavirus. 


Diagnostic Workup 


Staging 


The diagnosis of skin cancer requires a detailed clinical history. 

Physical examination should focus on appreciation of changes in the normal 
appearance of the skin. 

The size, diameter, depth of invasion, and multifocality of the tumor must be precisely 
defined. 

Regional lymph nodes must be assessed. 

Various tools to assess the skin, including Wood's light and potassium hydroxide 
preparations, fungal cultures, skin biopsies, Tzanck smears, and patch testing, should 
be used. 


e The staging system for skin cancer is shown in Table 13-1. 


Table 13-1: American Joint Committee staging system for skin cancer 
Primary tumor (T)? 

TX |Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Tis Carcinoma in situ 

T1 [Tumor <2 cm in greatest dimension 

T2 |Tumor >2 cm but not >5 cm in greatest dimension 

T3 [Tumor >5 cm in greatest dimension 

T4 |Tumor invades deep extradermal structures (i.e., cartilage, skeletal muscle, or bone) 
Regional lymph nodes (N) 

NX Regional lymph nodes cannot be assessed 

NO No regional lymph node metastasis 

N1 Regional lymph node metastasis 
Distant metastasis (M) 

MX |Presence of distant metastasis cannot be assessed 

MO No distant metastasis 

M1 Distant metastasis 


“In the case of multiple simultaneous tumors, the tumor with the highest T category will be 
classified, and the number of separate tumors will be indicated in parentheses, for example, 
T2 (5). 


From Fleming ID, Cooper JS, Henson DE, et al., eds. AJCC Cancer staging manual, 5th ed. 
Philadelphia: Lippincott-Raven Publishers, 1997, with permission. 


Clinicopathologic Manifestations 


e Basal cell and squamous cell carcinomas are the most common, and melanomas are 
the most serious. 

e Malignant tumors of the skin include basal cell carcinoma, squamous cell carcinoma, 
melanoma, Merkel cell carcinoma, adnexal tumors, connective tissue tumors, 
malignant lymphomas, mycosis fungoides, Kaposi's sarcoma, keratoacanthoma 
(acute epithelial cancer), and metastases. 

e Keratoacanthomas are treated with 40 to 45 Gy at 2.5 to 3.0 Gy per fraction. 

e Basal cell carcinomas occur most often on hair-bearing skin of the head and neck; 
they rarely metastasize. 

e Squamous cell carcinomas frequently are preceded by premalignant lesions, most 
commonly actinic keratosis. They also can arise from old burn scars or areas of 
chronic inflammation or radiation dermatitis. Lesions that arise from areas of chronic 
inflammation or develop de novo are more aggressive and metastasize in 10% of 
cases (26). 


General Management 


e Surgical excision and radiation therapy offer equivalent, excellent cure rates. The 
treatment modality selected should offer the greatest potential for cure with the most 
acceptable cosmetic and functional results. 


e Factors that influence treatment decisions include size and anatomic location of the 
lesion, involvement of adjacent cartilage or bone, depth of invasion, tumor grade, 
previous treatment, and the general medical condition of the patient (19). 

e CAT scans should be done for lesions around the eye to determine the magnitude of 
the tumor, particularly for recurrent tumors after surgery. 


Surgery 


e Small basal cell and squamous cell carcinomas may be surgically excised. 

e Curettage and electrodesiccation is used for small nodular basal cell carcinomas 
(less than 1 cm) with distinct margins. The cure rate is approximately 90% in properly 
selected cases. This technique is contraindicated for diffusely infiltrating tumors, 
recurrent tumors, and lesions in areas where significant tissue trauma may result 
from the procedure (26). 

e Mohs' microsurgery involves fixation of the tumor and adjacent scar with zinc 
chloride, followed by mapping and surgical excision. Frozen-section samples are 
taken to locate areas of residual tumor; these are further excised until negative 
margins are obtained. Treatment is indicated for basal and squamous cell 
carcinomas. It is contraindicated for Merkel cell tumor, because of its noncontiguous 
growth pattern. The literature reports a 5-year cure rate of 95% or better. 

e Cryotherapy consists of the application of liquid nitrogen to skin neoplasms, which 
causes necrosis of malignant cells by destruction of microvasculature. The indications 
and contraindications are similar to those for curettage and electrodesiccation. It can 
result in cure rates of 90% or higher. 


Radiation Therapy 


e For small lesions of the lip, eyelid, ear, or nose, irradiation may offer an advantage 
over surgical techniques with respect to cosmesis and function. 

e Radiation therapy is indicated for lesions larger than 2 cm, lesions with deep fixation, 
and lesions with involvement of adjacent structures, in which surgery may result in 
poor cosmetic or functional outcome. 

e Radiation therapy is beneficial for the treatment of multiple lesions or legions that 
involve regional lymph nodes. 

e Postoperative irradiation is indicated for patients with incomplete resection of 
squamous Cell tumors. In this group of patients, irradiation improves local tumor 
control and survival, if it is delivered immediately after surgical excision (26). 

e Perez (23) reported 87% tumor control and 10% to 15% nodal metastases in initially 
treated patients, compared with 65% control and 39% nodal metastases in patients 
treated for salvage after observation. 

e Table 13-2 lists various malignant lesions of the skin that can be treated with radiation 
therapy. 


Table 13-2: Malignant conditions of the skin for which radiation therapy is indicated 


Highly indicated Often indicated 

Kaposi's sarcoma Basal cell and squamous cell carcinoma of head, trunk, vulva, or 
perineum 

Mycosis Keratoacanthoma 


fungoides 

Lymphoma cutis Melanoma 
Merkel cell carcinoma 
Angiosarcoma 
Bowen's disease 


Chemotherapy 


e Chemotherapy has been used with some success to treat advanced, metastatic basal 
cell and squamous cell carcinomas. 

e The most active agents, cisplatin and doxorubicin, can produce significant long-term 
palliation (8). 

e Some authors have reported that the longest duration of response has been 
observed when chemotherapy is used in combination with irradiation or surgery. 

e Retinoids, vitamin A derivatives, and interferon are emerging as potential new 
treatment modalities in refractory advanced or metastatic carcinomas of the skin (18). 


Radiation Therapy Techniques 


e Various radiation sources are available for treatment of skin cancer. 

e Orthovoltage and supervoltage x-rays and electron beams commonly are used (Fig. 
13-1). 

e The choice of radiation therapy depends on tumor size, depth, and anatomic location. 

e Most skin cancers are treated with either superficial x-rays or electrons. Optimal use 
of either modality requires knowledge of its specific beam characteristics (7). 

e Electron beams are increasingly used in the treatment of skin cancers. They offer the 
advantages of rapid dose falloff and the sparing of underlying normal tissue. 

e For most tumors, the electron beam energy is selected based on delivering the 
treatment to the 80% to 90% isodose line (26). Bolus is required to enhance surface 
dose (24). 

e Supervoltage irradiation (with surface bolus) is used for more advanced lesions with 
deep penetration and involvement of bone or cartilage. 

e Special treatment techniques may be necessary to deliver an adequate dose to larger 
volumes. 

e Choice of field size depends on the size and site of the lesion and the quality of the 
radiation beam. For small lesions, the field size should include a 1-cm margin of 
normal tissue; for larger lesions, a 2-cm margin is required. 

e Ifa lesion is treated with low-energy electron beams, a wider margin of normal tissue 
is required for adequate coverage, in view of constriction of the isodose lines at depth 
for low-energy electron beams. 

e Radiation doses and fractionation depend on the histologic type, size, and depth of 
the tumor, as well as the size of the treatment field and overall time of treatment 
delivery. 

e Daily treatment fractions generally range from 2 to 5 Gy, with total tumor doses of 30 
to 50 Gy in 6 to 20 fractions, respectively, for most basal cell carcinomas; and from 
50 to 60 Gy in 15 to 30 fractions over a period of 20 to 35 elapsed days for squamous 
cell carcinomas. More radiation sequelae are associated with higher doses in shorter 
time frames. 

e Radiation therapy techniques should give special attention to protection of eyes by 
using external or intraocular eye shields. 

e With proper radiation therapy planning, the incidence of treatment failure should be 
very low. However, patients for whom irradiation fails can be successfully treated by 
surgical excision if identified early. This necessitates proper follow-up after irradiation. 

e The experience at Hahnemann University, Philadelphia, with radiation therapy to treat 
malignant skin lesions has shown control rates exceeding 90% for keratoacanthomas 
and basal cell and squamous cell carcinomas. 
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Fig. 13-1: Depth-dose profiles for various energies of electron and superficial x-ray beams. 
(From Perez CA, Lovett RD, Gerber R. Electron beam and x-rays in the treatment of 
epithelial skin cancer: dosimetric considerations and clinical results. In: Vaeth JM, Meyer 
JL, eds. Frontiers of radiation therapy and oncology, vol 25: the role of high energy 
electrons in the treatment of cancer. Basel: S. Karger, 1991:90—106, with permission.) 


Melanoma 


e Melanoma is a malignant tumor that accounts for 1.5% of all skin cancers. 

e Melanomas occur most frequently in white adults, and are rare in dark-skinned 
ethnicities. 

e The incidence is equal in men and women, and peaks in the fourth and fifth decades 
of life. 

e Superficial spreading melanoma accounts for 60% to 70% of all cases, and shows a 
horizontal growth pattern within the epidermis. 

e Nodular melanoma accounts for 30% of all cases, and shows a vertical growth 
pattern. 

e Lentigo maligna melanoma is the least common form of melanoma; it occurs in 
elderly patients, with a mean age of 70 years. 

e Tumor depth and thickness have prognostic significance. 


Staging 
e Breslow's staging system classifies the tumor according to the depth of invasion. 


pTis Melanoma in situ (atypical melanocytic hyperplasia, severe melanocytic dysplasia), not 
an invasive malignant lesion (Clark's /evel /) 


pT1 Tumor is less than or equal to 0.75 mm in thickness and invades the papillary dermis 
(Clark's level IÑ 


pT2 Tumor greater than 0.75 mm but not greater than 1.5 mm in thickness or invades to 
papillary-reticular dermal interface (Clark's /evel IIN 


pT3 Tumor greater than 1.5 mm but not greater than 4 mm in thickness or invades the 
reticular dermis (Clark's /evel IV) 


p14 Tumor greater than 4 mm in thickness or invades the subcutaneous tissue (Clark's level 
V), or satellite(s) within 2 cm of the primary tumor 


N1 Metastasis is less than or equal to 3 cm in greatest dimension in any regional lymph 
node(s) 


N2 Metastasis greater than 3 cm in greatest dimension in any regional lymph node(s) or in- 
transit metastasis 


e Both level of invasion and maximum thickness should be recorded. 

e Satellite lesions and cutaneous and subcutaneous metastases more than 2 cm from 
the primary tumor, but not beyond the site of the primary lymph node drainage, are 
considered "in-transit" metastases. 


General Management of Malignant Melanoma 


e The treatment of choice for malignant melanoma is wide surgical excision to obtain 
negative margins. 

e Early lesions with relatively little or no invasion are curable in over 95% of cases. 

e Controversy exists regarding regional node management in malignant melanoma. 
Elective regional node dissection remains controversial. Therapeutic resection of 
Clinically palpable or biopsy-proven regional lymph nodes may improve locoregional 
control. 

e Indications for postoperative nodal irradiation include four or more positive nodes, 
matted lymph nodes, or extension of tumor beyond the nodal capsule (26). 

e Melanomas have a propensity for distant metastasis, and treatment must be tailored 
to the type and location of the disease. 

e Regional or distant metastases may require surgery, radiation therapy, 
chemotherapy, or a combination of these modalities. 

e Chemotherapy for metastatic melanoma has not been very successful; the most 
frequently used regimens include dacarbazine (DTIC), alone or in combination with 
vincristine; lomustine (CCNU); and bleomycin. 

e Use of interferon, tumor cell vaccines, BCG, and monoclonal antibodies is 
investigational. 


Radiation Therapy 


e Contrary to what was previously believed, malignant melanoma cells are sensitive to 
radiation. They show a wide shoulder under the cell-survival curve, which means that 
higher-than-conventional doses per fraction are required for cell kill (9,13). 

e Many studies have shown that larger fraction sizes can effectively overcome apparent 
resistance of malignant melanoma cells. 

e = Skin or mucosal melanomas involving the oral cavity, vagina, and anus can be 
treated effectively with irradiation. Doses of 60 to 70 Gy, in 2- to 3-Gy fractions, are 
frequently administered. 

e The usual dose for lentigo maligna is 45 Gy in 3-Gy fractions, or 50 to 60 Gy in 2-Gy 
fractions. 

e Radiation therapy is a primary treatment modality for metastatic disease involving 
lung, lymph nodes, bone, eyes, and central nervous system. 

e Hypofractionated regimens using 3.0 to 3.5 Gy 3 times weekly, for a total of 50 to 55 
Gy; or 6 Gy twice a week for 30 Gy, have been used. 


Merkel Cell Carcinoma 


e Merkel cell carcinoma is a rare, primary, small neuroendocrine cell skin tumor that 
occurs in the seventh and eight decades. 

e = It is similar to small cell carcinoma of lung and carcinoid tumors. Merkel cell tumors 
involve the reticular dermis and subcutaneous tissue, with only occasional extension 
to the papillary dermis. 

e Merkel cell carcinomas frequently infiltrate vascular and lymphatic channels and can 
behave aggressively, presenting with early regional and nodal metastasis. 

e Tumors occur most frequently in the head and neck region, and are associated with a 
high rate of local recurrence (25% to 60%) after surgical excision. 

e Merkel cell tumors have three subtypes: trabecular, solid, and diffuse. The solid type 
is the most common, and the diffuse type carries the worst prognosis. 

e Regardless of histology, the most important prognostic factor is tumor extent at the 
time of initial diagnosis. 


General Management of Merkel Cell Carcinoma 


e = The initial approach for the treatment of Merkel cell carcinoma is usually surgical 
excision of the primary tumor with wide margins, which often requires skin grafting 
and plastic reconstruction. 

e Because the most common site of these tumors is the head and neck region, 
obtaining adequate surgical margins is often difficult. 

e Because of the high recurrence rate after excision and the need to obtain wide 
negative margins, radiation therapy has become an integral part of the treatment 
program. 

e Data in the literature strongly support the role of postoperative irradiation to reduce 
the relapse rate and enhance local tumor control. 

e Some investigators have reported sensitivity of Merkel cell carcinoma to 
chemotherapy agents. Doxorubicin, cyclophosphamide, and vincristine are among 
the most active agents. 

e It is recommended that chemotherapy be used in the following patients: those with 
tumors composed of smaller cells or with nodal involvement at the time of diagnosis; 
those with more than 30% involvement of resected nodal tissue; and those with 
advanced metastatic disease (26). 

e A multimodality treatment program, consisting of surgery followed by 
chemoirradiation, has been advocated by some investigators (5). 


Radiation Therapy Techniques 


e Radiation therapy fields should include the original tumor volume along with adequate 
margin of normal tissue (about 5 cm), as well as the entire surgical scar. 

e Doses of 50 Gy at conventional fractionation are adequate for treatment of subclinical 
disease. 

e When microscopic or gross residual disease is suspected, boost doses to 60 to 70 Gy 
are indicated. 

e Postoperative irradiation is indicated for all cases of suspected lymphatic 
involvement. 

e When the first-echelon lymph nodes are in close proximity to the primary tumor, 
prophylactic nodal irradiation is an alternative to elective nodal dissection. 


Sequelae of Skin Irradiation 


e Erythema of the skin is the earliest noticeable radiation effect. 

e The intensity of radiation dermatitis depends on dose, field size, fractionation, and 
beam quality. Treatment involves avoidance of trauma to the skin through shaving, 
scratching, or sun exposure. 

e At intermediate dose levels, dry desquamation or peeling occurs. 


e At higher dose levels, in the therapeutic range for skin cancers, moist desquamation 
occurs. Dilute hydrogen peroxide or silver sulfadiazine cream (Silvadene) is 
recommended. 

e lf symptoms of burning and itching develop, a mild steroid cream, such as 1% 
hydrocortisone, can treat skin erythema and pruritus. 

e Radiation necrosis may occur at any time after radiation therapy, but is more likely in 
patients receiving large-fraction doses. 


Non-AIDS-Associated Kaposi's Sarcoma 
Natural History 


e Inthe United States, non—AIDS-related Kaposi's sarcoma ("classic" KS, CKS) 
constitutes only a small fraction of 1% of all cancers (4). 

e The greatest concentration of non—AIDS-associated KS occurs in the rain forests of 
Central Africa, where KS ("endemic" KS) accounts for more than 5% of all tumors 


(21). 

e Inthe United States, most patients are older than 60 years of age; in Africa, peak age 
is between 25 and 45. 

e Inthe typical American patient, a violaceous macule, generally in the region of the 
ankle, is the most common site of onset, followed by the arms. 

e Progression of disease typically occurs by local extension, growing predominantly 
laterally. 

e Visceral organs are involved in less than 5% of patients, most commonly in the 
gastrointestinal (Gl) tract. 

e Endemic KS in Africa develops in a much younger population, and is much more 
variable in its presentation and behavior, than American CKS. In 40% of patients, 
endemic KS is more aggressive ubiquitously, and either presents as widespread 
disease or rapidly becomes extensive (1). 


Diagnostic Workup 


e CKS has a sufficiently nonspecific appearance to require a biopsy. 
e The diagnostic workup for KS is shown in Table 13-3. 


Table 13-3: Diagnostic workup of Kaposi's sarcoma 
For all patients 
History including 
Age 
Ancestry 
Behavior (sexual, drug use) 
Receipt of blood products 
Prior opportunistic infections 
Visceral symptoms (gastrointestinal, central nervous system) 
Constitutional symptoms (fever, weight loss) 
Physical examination 
All cutaneous surfaces 
Visible mucosal surfaces 
Lymph nodes 
Body temperature 
Body weight 
Biopsy of suspected lesion 
Try to obtain HIV titer if 


Patient <60 years old or 

High-risk factors present 
Homosexual or bisexual behavior 
Intravenous drug use 
Receipt of blood products 

Extracutaneous disease present 

If HIV infection exists, add 

Blood count (including CD4 lymphocyte count) 

Serum chemistries 

Chest x-ray 

Tuberculin test 

Screen for anergy 

Screen for sexually transmitted diseases 

If gastrointestinal symptoms exist, add endoscopy 


HIV, human immunodeficiency virus. 


Pathology 


e KS has both spindle cell and vascular elements within the lesion. The spindle-shaped 
cells look much like fibroblasts, and generally are considered the neoplastic element. 


General Management 


e Because CKS tends to be a slowly progressing disease confined to the legs, 
locoregional therapy can provide long-term disease-free survival. 

e Solitary, small lesions can be surgically excised, vaporized by laser, injected with 
topical chemotherapy, or frozen with liquid nitrogen, but radiation therapy generally is 
considered the treatment of choice for localized or regionalized disease, with the best 
cosmetic result. 

e For totally asymptomatic, widespread disease that poses no risk to critical structures, 
a policy of watch-and-wait is prudent (1). 

e For rapidly progressing or life-threatening disease, combinations such as vincristine 
and actinomycin D (with or without dacarbazine [DTIC]) produce response rates of 
almost 100%. 


Radiation Therapy 


e Local irradiation of KS includes the lesion plus a normal tissue border of 
approximately 1.5 to 2.0 cm. 

e Thin, cutaneous lesions can be treated effectively either by superficial quality x-ray 
beams (100 kV) or relatively low-energy electron beams (4 or 6 MeV covering the 
lesions, with bolus material). 

e Thick plaques or nodules are best treated by higher-energy electron beams. 

e Eyelid lesions are treated most easily by superficial x-rays, with protective shields 
over the optic lens. 

e When substantial edema is present, parallel-opposed portals and megavoltage 
therapy are needed to treat the deep tissues. Treatment within a water bath provides 
both bolus and homogeneity of dose (30). Wrapping the leg with bolus material and 
dosing to the midthickness of the field will suffice. 

e A dose of 30 Gy in 10 fractions over 2 weeks provides 85% local control for small 
lesions in patients who are in good general condition. Eight Gy in 1 fraction can be 
used to treat large fields, or patients who are in poor general condition (1). 


e The appearance of KS in tissues adjacent to those treated by local irradiation is a 
sufficiently common problem to prompt the elective use of wide-field, megavoltage 
irradiation with overlying bolus for localized lesions. 

e At Princess Margaret Hospital, complete remission was achieved in 38 of 56 patients 
(68%) treated by wide-field techniques (usually 8 Gy in one session), with 24 
remaining disease-free; 17 of 26 patients (65%) attained complete remission after 
local-field irradiation (3 to 8 Gy in 1 fraction to 35 Gy in 5 fractions), but only six 
remained completely disease-free (10). 


Kaposi's Sarcoma in Immunosuppressed States 


e KS and lymphomas preferentially arise in kidney transplant recipients. The disease 
often regresses in iatrogenically immunosuppressed patients if immunosuppressive 
therapy is discontinued (11). 

e The sensitivity of this disease to radiation therapy is similar to that in 
nonimmunosuppressed circumstances. 


AIDS-Associated Kaposi's Sarcoma 
Natural History 


e The 1981 discovery of KS in eight young homosexual men generally is considered 
the beginning of our awareness of AIDS (14). KS is the most common malignancy in 
AIDS victims. 

e Intense competition occurs between the destruction caused by the human 
immunodeficiency virus (HIV) and replacement of CD4 T lymphocytes by the body's 
immune system. Although the body replaces 2 billion CD4 cells per day, the virus 
(with a half-life of only 2 days and an ability to replace itself with drug-resistant 
variants in only 2 weeks) slowly but inevitably erodes the CD4 population (29). 

e The risk of developing epidemic KS (EKS) as part of AIDS is approximately 40,000 
times greater than developing KS otherwise. 

e Of the initial AIDS cases documented in the New York City Department of Health 
files, 46% of homosexual or bisexual men had KS, compared with 4% of heterosexual 
intravenous drug users (3). 

e Although EKS potentially can be life threatening (particularly pulmonary EKS), it 
generally is not the proximate cause of death. The CD4 lymphocyte count is a 
powerful predictor of life span: Median survival was 28 months for patients who had 
more than 300 CD4 cells per mm, but was only 14 months for the remaining patients 
(22). 

e The legs most commonly are involved by EKS, followed by the tip of the nose and 
around the eyes and ears. 

e Visceral lesions occur in most patients, and can involve any organ. 


Diagnostic Workup 


e In addition to inspection of all visible skin and mucosal surfaces, the likelihood of 
visceral KS is sufficiently high that endoscopic evaluation of the GI tract is appropriate 
for any patient with GI symptoms (Table 13-3). 


Table 13-3: Diagnostic workup of Kaposi's sarcoma 
For all patients 
History including 
Age 
Ancestry 
Behavior (sexual, drug use) 
Receipt of blood products 


Prior opportunistic infections 
Visceral symptoms (gastrointestinal, central nervous system) 
Constitutional symptoms (fever, weight loss) 
Physical examination 
All cutaneous surfaces 
Visible mucosal surfaces 
Lymph nodes 
Body temperature 
Body weight 
Biopsy of suspected lesion 
Try to obtain HIV titer if 
Patient <60 years old or 
High-risk factors present 
Homosexual or bisexual behavior 
Intravenous drug use 
Receipt of blood products 
Extracutaneous disease present 
If HIV infection exists, add 
Blood count (including CD4 lymphocyte count) 
Serum chemistries 
Chest x-ray 
Tuberculin test 
Screen for anergy 
Screen for sexually transmitted diseases 


If gastrointestinal symptoms exist, add endoscopy 


HIV, human immunodeficiency virus. 


Pathology 


e Despite the major differences in behavior between epidemic and other forms of KS, 
the microscopic findings are extremely similar. 


Prognostic Factors 


e It is now generally accepted that a CD4 lymphocyte count less than 200 to 300 per 
mL, presence of systemic symptoms, and presence of opportunistic infections are the 
key poor prognostic features for both AIDS and EKS. 


General Management 


e A prospective, randomized trial of zidovudine (ZDV) (formerly azidothymidine [AZT]) 
in patients with EKS showed no significant effect of the drug on the progression of 
EKS (16). 


Although other reverse transcriptase inhibitors, such as ddl (dideoxyinosine, 
didanosine), ddC (dideoxycytidine, zalcitabine), and d4T (stavudine), are used 
Clinically, their precise roles have yet to be defined. 

Radiation therapy is not a feasible virucidal modality because 30,000 Gy is required 
to sterilize HIV-infected bone grafts (6). 

Interferon-a (response rate of 30% to 50%) was approved for treatment of EKS by the 
U.S. Food and Drug Administration in 1988. However, patients who have substantial 
immunosuppression do not appear to benefit clinically from this therapy (15). 

With vinblastine-based multiagent chemotherapy, overall response rates (complete 
plus partial) are 43% to 88%, and median response durations are 5 to 9 months (17). 
Small doses of dilute vinblastine (e.g., 0.2 mg per mL), injected directly into small 
lesions in 3 to 5 injections (spaced 1 to 2 weeks apart), will produce regression of 
disease (28). 

Liquid nitrogen cryotherapy provides a faster means of treating small lesions, with 
80% complete response for a minimum of 6 weeks (27). 


Radiation Therapy 


Currently, radiation therapy should be reserved for specific indications: pain, 
ulceration, bleeding, functional impairment (dyspnea from pulmonary lesions, 
incapacitating edema from lesions obstructing lymphatic flow, and loss of flexion at a 
joint space from thick cutaneous lesions), or improvement of the appearance of 
cosmetically disfiguring lesions (1). 

Complete regression with radiation therapy was reported in 9 of 15 patients; 
clearance of the mass but persistence of pigmentation was reported in 3; and partial 
regression was reported in the remainder (2). It also was observed that lesions may 
take 3 to 4 months to resolve, and that radiation-induced edema of the foot and face, 
as well as symptomatic mucositis, was more severe in AIDS patients than in other 
patients. 

It is important to remember that irradiated regions sometimes are left with a purple 
hemosiderin stain, but with no tumor mass. This fact limits the cosmetic benefit of 
radiation therapy. 

The general principles of palliative irradiation for EKS are: (a) sufficient dose (8 Gy in 
a single fraction for small lesions or 30 Gy in 10 fractions over 2 weeks) should be 
delivered to accomplish the desired goal and maintain that state for as long as 
possible; (b) treatment should be delivered as rapidly as possible; and (c) distressing 
side effects should not be induced by treatment (1). Radiation therapy technique is 
similar to that for classic KS. 

Pulmonary KS occurs with cutaneous EKS in 18% to 47% of patients (12,14). When 
symptomatic pulmonary lesions (bleeding, obstruction) do not respond to 
chemotherapy, irradiation can provide effective palliative treatment. 

In 25 patients treated with whole-lung irradiation (10.5 to 15.0 Gy in 1.5-Gy 
increments, 4 days per week), all improved symptomatically; 78% no longer needed 
oxygen supplementation, and chest x-rays showed improvement in 78% (20). 

The oral cavity is consistently associated with enhanced toxicity from radiation 
therapy. At relatively small doses (12 to 15 Gy), the reaction of previously normal- 
appearing tissues in the region is often intense (25). 
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Introduction 


e Cutaneous T-cell lymphoma (CTCL) has two major subgroups in its clinical spectrum: 
mycosis fungoides (MF) and Sézary syndrome, both of which are closely related 
malignant T-cell lymphoproliferative disorders with predominant clinical 
manifestations of the skin. 

e The etiology of CTCL is unknown, but industrial exposure, genetic factors, and a type 
C retrovirus, human T-cell lymphoma virus type |, have been implicated. 

e The incidence of CTCL in the United States has increased 3.2 times over the past 14 
years, and currently exceeds 0.4 new cases per 100,000 population. 

e It occurs more frequently in men than in women, by a ratio of approximately 2:1, and 
blacks are twice as likely to be afflicted as whites. 

e As with other lymphomas, the incidence of CTCL increases sharply with age. 


Natural History 


e Most cases of MF evolve slowly and progressively through three clinical phases: 
patch/premycotic phase, infiltrated plaque/mycotic phase, and tumor/fungoid phase. 

e The patch phase of classic MF is the most variable in clinical appearance and 
duration. These early lesions frequently are mistaken for other dermatoses. After 
many years, they ultimately develop superimposed infiltrative plaques or tumors more 
typical of MF. 

e The plaque and tumor phases of MF are characterized by clinically palpable lesions, 
as a result of the accumulation of atypical lymphoid cells within the skin. Individual 
lesions tend to regress spontaneously or merge with adjacent lesions to form larger 
lesions of irregular shape. Cutaneous ulcerations and secondary infections frequently 
are encountered in the tumor stage. 

e Most investigators consider Sézary syndrome to be an erythrodermic and leukemic 
expression of CTCL. This distinction is based on the presence or absence of 
malignant T cells in the peripheral blood possessing the atypical cerebriform 
microscopic appearance. 

e Seventeen percent of patients with CTCL present with generalized erythroderma; 
about 50% of these have clear-cut Sézary syndrome (8). 


e The median duration from onset of skin lesions to histologic diagnosis of CTCL is 8 to 
10 years, with considerable variation from patient to patient. 

e The median survival for all patients is less than 5 years; however, earlier diagnosis 
and improvement in treatment approaches have increased the median survival to 
approximately 10 years, from time of diagnosis (11). 

e Any organ system can be infiltrated by malignant lymphocytes and advanced CTCL. 
Extracutaneous infiltration carries a worse prognosis than disease confined to the 
skin. 

e The median survival of patients with confirmed lymph node or visceral disease is 2 
years and 1 year, respectively. 


Diagnostic Workup 


e Procedures used in staging and evaluation are outlined in Table 14-1. 

e Several punch biopsy specimens should be taken from the most infiltrated lesions to 
establish the diagnosis and define the character of the malignant infiltrate. 

e The status of the lymph nodes in the cervical, axillary, and inguinal regions should be 
evaluated. If the lymph nodes are palpable, a biopsy should be obtained. An effort 
should be made to confirm the presence of extracutaneous involvement, if suspected. 


Table 14-1: Diagnostic workup for cutaneous T-cell lymphoma 
General 
History with attention to pace of disease evolution 
Dermatologic examination to assess degree of lesion infiltration and surface involvement 


Routine physical examination, including palpation for lymphadenopathy, 
hepatosplenomegaly, and other visceral abnormalities 


Radiographic studies 

Chest x-ray 

Computed tomography of abdomen and pelvis 

Isotope scans of liver and spleen or bone (when clinically indicated) 
Laboratory studies 
| Complete blood cell count, blood chemistry 

Blood smear for presence and quantification of atypical mononuclear (Sézary) cells 
Biopsy studies 
| Punch biopsy samples from most infiltrated lesions 

Biopsy of palpable lymph nodes 

Bone marrow biopsy 


Staging Systems 


e A unifying staging system based on the tumor-node-metastasis format was proposed 
at a Mycosis Fungoides Cooperative Group Workshop on CTCL at the National 
Cancer Institute. This system emphasizes the prognostic importance of cutaneous 
tumors, lymphadenopathy, and extracutaneous involvement (Tables 14-2 and 14-3). 


Table 14-2: Proposed TNM classification of cutaneous T-cell lymphoma 
Magnitude of skin involvement (T)* 
TO (Clinically or pathologically suspicious lesions 


T1  |Premycotic lesions, papules, or plaques involving <10% of the skin 
T2  |Premycotic lesions, papules, or plaques involving >10% of the skin 
T3 (One or more tumors on the skin 
T4 Extensive, often generalized erythroderma 
Status of peripheral lymph nodes (N)’ 
NO (Clinically normal; pathologically not involved 
N1 [Clinically abnormal; pathologically not involved 
N2 Clinically normal; pathologically involved 
N3 [Clinically abnormal; pathologically involved 
Status of peripheral blood (B)° 
BO (Atypical circulating cells not present 
B1 (Atypical circulating cells present 
Status of visceral organs (M) 
MO |Pathologically not involved 
M1 |Pathologically involved 


*T1—-T4 require pathologic confirmation. When more than one classification applies, indicate 
both ratings and use highest staging [e.g., T3 (T2)]. 


Record sites of abnormal nodes [e.g., axillary (L+R)]. 


“Record total whole blood cell count, total lymphocyte count, and number of atypical cells per 
100 lymphocytes. Note: The criterion for blood involvement based on blood smears has not 
been agreed on and therefore is not used in staging. 


Table 14-3: Mycosis Fungoides Cooperative Group staging system for cutaneous T- 
cell lymphomas 
Stage T N M 

la T1 NO MO 

Ib T2 NO MO 

lla T1-2 N1 MO 

Ilb T3 NO-1 MO 

III T4 NO-1 Mo 

IVa T1-4 N2-3 Mo 

IVb T1-4 NO-3 M1 


Pathologic Classification 


e The cellular infiltrate of CTCL consists of malignant T cells mixed with various 
numbers of normal white blood cells (a polymorphous cellular infiltrate). 

e Characteristically, atypical lymphoid cells in classic MF and Sézary syndrome invade 
the epidermis and follicular epithelium to form small groups surrounded by a halo-like 
clear space (Pautrier's microabscess). 

e The cytomorphology of atypical lymphoid cells varies from small cells with 
hyperchromatic, convoluted nuclei (cerebriform cells) to large cells with pale-staining 
vesicular nuclei and prominent nucleoli. 


e Malignant T cells frequently can be demonstrated in lymph nodes. 

e Special techniques used to identify the malignant T cells in lymph nodes include DNA 
cytophotometry, cytogenic analysis of cell membrane—associated antigens, and 
molecular studies to show clonal rearrangement of T-cell receptor genes. 


Prognostic Factors 


e Increased age and tumor-node-metastasis stage are associated with decreased 
survival after diagnosis. 

e Patients older than 60 years of age at the time of diagnosis have a significantly 
shorter survival than younger patients because they often present with more 
advanced disease. 

e Five-year survival of stages T1, T2, T3, and T4 disease is 90%, 67%, 35%, and 40%, 
respectively (2,5,12). 

e Defacement of nodal architecture by malignant T cells is associated with a median 
survival of less than 2 years. 

e Three-year survival rates of patients without nodal involvement, with enlarged nodes 
in one region, and with enlarged nodes in more than one region are 85%, 68%, and 
60%, respectively (5). 

e Visceral involvement is associated with a median survival of less than 1 year. 


General Management 


e Staging procedures define two general situations, based on the localization of CTCL: 
(a) patients with disease apparently limited to the skin; and (b) patients with 
pathologic evidence of extracutaneous involvement. 

e Because CTCL may originate in the skin, intensive therapy directed at the skin alone 
seems to offer the possibility of cure mostly for patients with early, limited involvement 
(stage IA). Long-term remission rates approaching 40% have been observed in these 
patients after treatment with total-skin electron beam (TSEB) irradiation, topical 
mechlorethamine chemotherapy, and photochemotherapy with methoxsalen (3,4,11). 

e Treatment for patients with widespread intracutaneous disease in the presence of 
cutaneous tumors should include TSEB irradiation with concomitant multiagent 
systemic chemotherapy, or total lymph node irradiation if the treatment intent is 
curative. 

e = If treatment is for palliation alone, patients should be placed on maintenance topical 
mechlorethamine chemotherapy or well-tolerated systemic drugs after a course of 
TSEB irradiation. 

e Because current evidence indicates that malignant cells readily circulate between the 
skin and extracutaneous tissues, TSEB irradiation and topical mechlorethamine 
chemotherapy should have additional beneficial effects for patients treated with 
systemic drugs for advanced CTCL (extracutaneous involvement). 

e Autologous bone marrow transplantation with high-dose TSEB, combined with high- 
dose systemic chemotherapy with or without low-dose nodal irradiation, is being 
investigated for advanced CTCL treatment (10 


Radiation Therapy Techniques 


e Ionizing radiation is the most effective treatment for CTCL. Generous portals should 
be used to cover defined anatomic areas. 

e Because of the possible need for subsequent treatment in adjacent areas, it is 
important to document treated areas with Polaroid photographs, accurate portal 
drawings, and tattooing of the corners of the fields with India ink. 

e Experience based on more than 1,000 individual lesions indicates excellent local 
control with modest doses of fractionated radiation (10 to 20 Gy administered over 1 
to 2 weeks) (8). 


Bulky tumors and lesions in locations where retreatment could compromise functional 
or cosmetic outcome should be treated to a full dose (30 Gy over 3.0 to 3.5 weeks) 
for optimal control. Complete clinical response may take up to 6 to 8 weeks. 

In the United States, the most common radiotherapeutic approach for extensive 
CTCL is TSEB irradiation. 

Presently, the optimal technique with reasonable uniformity of dose is a six-dual-field 
technique described originally by Karzmark and later refined by Page et al. (9). 

An electron beam with an effective central-axis energy of 3 to 6 MeV is used to treat 
three anterior and three posterior stationary treatment fields, each of which has a 
superior and inferior portal with beam angulation 20 degrees above and 20 degrees 
below the horizontal axis (Fig. 14-1). 

The patient is placed in front of the beam in six positions during treatment. The 
straight anterior, right posterior oblique, and left posterior oblique fields are treated on 
the first day of each treatment cycle, and the straight posterior, right anterior oblique, 
and left anterior oblique fields are treated on the second day of each cycle. 

The entire wide-field skin surface receives 1.5 to 2 Gy during each 2-day cycle. 

The radiation generally is administered on a 4-day per week schedule, with the total 
dose depending on curative or palliative intent (8). 

Doses of 30 to 40 Gy are delivered over an 8- to 10-week interval, with a 1- to 2-week 
break at 18 to 20 Gy for patients treated with a curative intent; 10 to 20 Gy is 
administered for palliation. 

During wide-field skin irradiation, internal or external eye shields routinely are used to 
protect the cornea and lens. If internal metallic uncoated eye shields are used, the 
energy buildup at the surface of the eye shields could result in significant overdosage 
of the eyelids. 

Shielding of the digits and lateral surfaces of the hands or feet may be necessary 
because of overlapping treatment fields in these areas. 

Shielding of uninvolved skin is recommended in palliative treatment. 

Areas not directly exposed to the path of the electron beam, such as the soles of the 
feet, perineum, medial upper thighs, axillae, posterior auricular areas, inframammary 
regions, vertex of the scalp, and areas under the skin folds are treated with separate 
electron beam fields with an appropriate energy. 

In 226 patients with MF limited to the skin treated with TSEB irradiation (greater than 
20 Gy) at Stanford University between 1966 and 1989, the overall 10-year survival of 
all patients calculated from the time of electron beam irradiation was 48% with limited 
plaques, 13% with generalized plaques, 6.7% with tumors, and 6.6% with 
erythroderma (4). 

Micaily et al. (7) used more aggressive radiotherapeutic approaches for advanced 
CTCL. Nineteen patients with rapidly progressing plaque- or tumor-phase MF were 
treated with high-dose TSEB irradiation and total-nodal irradiation. Complete 
response was recorded in nearly all cases. Sustained disease-free intervals were 
recorded primarily for patients with stage IB or IIA disease. These early-stage 
patients had an overall survival rate of 100% and a disease-free survival rate of 44% 
at 6 years. 

Lo et al. (6) found that the prognosis of patients with widespread CTCL who were 
treated with high-dose TSEB irradiation was not significantly different from that of 
patients treated with lower doses. They also found that long-term disease-free 
survival could be achieved with small-field megavoltage irradiation in patients with 
localized disease. 

Fractionated total-body photon irradiation and TSEB irradiation with total-body 
irradiation and chemotherapy supported by autologous bone marrow transplantation 
may show future promise for advanced CTCL (1). 
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Fig. 14-1: The portal geometry of total-skin electron beam therapy, as administered at 
Hahnemann University, Philadelphia. 


Sequelae of Treatment 
Short-Term Sequelae 


e The skin of patients treated with TSEB irradiation at doses of more than 10 Gy 
usually develops mild erythema, dry desquamation, and hyperpigmentation. 

e At higher doses (greater than 25 Gy), some patients develop transient swelling of the 
hands, edema of the ankles, and occasionally large blisters, necessitating local 
shielding or temporary discontinuation of therapy. 

e Unless hair and nails are shielded, loss of these skin appendages occurs by the end 
of treatment. They usually regenerate within 4 to 6 months. 

e Gynecomastia may also develop; the mechanism for this is unknown. 


Long-Term Sequelae 


e Chronic cutaneous damage from TSEB irradiation is mild at doses of less than 10 Gy 
and acceptably mild through 25 Gy. 

e The nature and severity of acute and chronic radiation effects are a function of 
technique, fractionation, total dose, concomitant use of topical or systemic cytotoxic 
drugs, previous treatments, and the condition of the skin before irradiation. 

e Superficial atrophy with wrinkling, telangiectasias, xerosis, and uneven pigmentation 
are the most common changes. 

e Higher doses may produce frank poikiloderma, permanent alopecia, skin fragility, and 
subcutaneous fibrosis; however, these sequelae are rare. 
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Anatomy 


e The tentorium, which consists of dense fibrous tissue, separates the supratentorial 
and infratentorial compartments (Figs. 15-1 and 15-2). 

e Inthe supratentorial cerebrum, primary motor and sensory areas at the central sulcus 
both control the body from the knees to the feet in the medial cortex, and the trunk, 
arms, and head laterally (homunculus). 

e The motor-speech area of Broca is located in the dominant frontal lobe just above the 
lateral sulcus; damage causes expressive aphasia. Damage to the dominant 
temporal lobe at the posterior end of the lateral sulcus results in sensory aphasia 
(Wernicke's). 

e The anterior part of the temporal lobe is partially associated with short-term memory. 

e Most of the primary visual cortex is represented on the medial and inferior surface at 
the occipital pole. 

e The diencephalon consists of the thalamus and the pineal region. 

e The mesencephalon rides on the upper part of the clivus at the tentorial notch; its 
interior, the tectum, is partially occupied by cranial nerve nuclei (for the oculomotor, 
trochlear, and proprioceptive portion of trigeminal nerves). 

e The dorsal plate houses the superior and inferior colliculi, which regulate eye 
movements and hearing impulses, respectively; the trochlear nerve is the only cranial 
nerve that exits from this dorsal location. 


e The pons relays information between the two cerebellar hemispheres, carries the 
major pathways from the mesencephalon down to the medulla oblongata, and houses 
the major motor and tactile sensory nuclei for the trigeminal nerve, which emerges 
from its lateral surface. 

e The border between the pons and the medulla oblongata is noteworthy for the 
emergence of abducens, facial, and vestibulocochlear (acoustic) cranial nerves. 

e The cerebellum develops laterally and posteriorly from the pons region and 
differentiates into the median vermis cerebelli and bilateral hemispheres. Anteriorly, 
the cerebellum faces the dorsal aspects of the pons and the medulla oblongata (in 
the form of the floor of the fourth ventricle). 

e The medulla oblongata forms the link between the pons, spinal cord, and cerebellum; 
it houses most of the cranial nerve nuclei (abducens, facial, vestibulocochlear, 
glossopharyngeal, vagal, accessory, hypoglossal). 

e The ventricular system is lined with ependyma and produces cerebrospinal fluid 
(CSF) in the roofs of the fourth and third ventricles, the medial walls of the central 
body, and the inferior horns of the lateral ventricles. 

e The foramina of Monro transmit CSF between the third and lateral ventricles at the 
superolateral corners of the third ventricle. 

e The aqueduct of Sylvius in the midbrain is the narrowest canal of the intracranial 
nervous system and is also the most common location of obstruction of flow by 
compression, which causes noncommunicating hydrocephalus. 

e CSF escapes the ventricular system through the median foramen of Magendie and 
the two lateral foramina of Luschka to the subarachnoid space, which are located in 
the roof and lateral corners of the fourth ventricle at the level of the medulla 
oblongata. 

e The subarachnoid space widens into several cisterns; the largest are the cisterna 
magna (posterior to medulla oblongata just at foramen magnum), the cistern of the 
lateral sulcus bilaterally at the base of the brain, and the ambient cistern posterior to 
the midbrain. 
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Fig. 15-1: Frontal section through telencephalon at the plane of the anterior commissure. 
(From Sobotta. Atlas der anatomie des menschen, 20th ed. Munich: Urban & 
Schwarzenberg, 1993, with permission.) 
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Fig. 15-2: Supratentorial parts of central nervous system (CNS) include telencephalon 
(cerebral hemispheres with frontal, parietal, occipital, and temporal lobes) and 
diencephalon, with dominant thalamic nucleus, hypothalamus, pituitary stalk, and 
neurohypophysis inferoanteriorly and pineal body posteriorly, which represent the midline 
central structures of the supratentorial CNS. (From Sobotta. Atlas der anatomie des 
menschen, 20th ed. Munich: Urban & Schwarzenberg, 1993, with permission.) 


Natural History 


Primary brain neoplasms usually spread invasively without forming a natural capsule. 
Presenting symptoms depend on tumor expansion and surrounding edema. 
Intracranial primary neoplasms do not metastasize through the lymphatics. 
Extracranial true metastases from primary brain tumors are rare, but sometimes can 
occur with high-grade medulloblastoma, dysgerminoma, hemangiopericytoma, 
sarcoma, and high-grade astrocytoma. These hematogenous metastases often 
appear in the lung; medulloblastoma has an affinity for bone and lymph nodes. 
e Peritoneal metastases occasionally occur in patients receiving ventriculoperitoneal 
shunt to relieve obstructive hydrocephalus from tumors. 
e Some high-grade neoplasms in the brain and meninges metastasize by "seeding" into 
the subarachnoid and ventricular spaces and in the spinal canal, particularly in 
patients with recurrent tumors. Tumors with a propensity for CSF spread include 
medulloblastoma, ependymoblastoma, pineoblastoma, and central nervous system 
(CNS) lymphomas. 


Clinical Presentation 


e Local tumor growth, edema, or both may cause focal neurologic dysfunction, 
increased intracranial pressure, and hydrocephalus. The neurologic effects of a 
locally growing or infiltrating tumor may be somewhat predicted by tumor location. 
With significant cerebral edema or hydrocephalus, signs and symptoms of increased 
intracranial pressure and generalized cerebral dysfunction may predominate. 

e Increased intracranial pressure or local pressure on sensitive intracranial structures 
(dura and vessels) may cause headaches, which usually are worse in the morning. 
Associated findings include focal neurologic deficits and papilledema. 

e Long-standing increases in intracranial pressure may lead to optic atrophy and 
blindness. 

e Seizures are common and may be partial (Simple, complex, secondarily generalized) 
or generalized (tonic clonic, absence); the highest incidence is with low-grade 
neoplasms. 

e Lumbar back pain or bowel or bladder dysfunction may suggest CSF metastasis in 
lumbar cistern. 


Diagnostic Workup 


e The initial workup of patients with brain tumors must include a complete history and a 
general physical examination (Table 15-1). Data obtained from relatives and friends 
are often more helpful than those given by the patient. 

e Complete neurologic examination includes assessment of mental condition, 
coordination, sensation, reflexes, and motor and cranial nerves. 

e Ophthalmoscopy checks for papilledema as a sign of increased intracranial pressure. 

e The most useful magnetic resonance imaging (MRI) studies are T1-weighted sagittal 
images, gadolinium-enhanced and unenhanced T1 axial images, and T2-weighted 
axial images. T1 images better demonstrate anatomy and areas of contrast 
enhancement; T2 images are more sensitive for detecting edema and tumor. 
Computed tomography (CT) scans with contrast material also are useful. 

e Staging of the neuraxis is essential for neoplasms at high risk of spread to the CSF. 
Neuraxis imaging with myelography has largely been replaced with gadolinium- 
enhanced MRI of the spine. Ideally, neuraxis imaging should be done preoperatively 
to avoid surgical artifacts and false-positive scans. Spinal imaging usually is 
combined with CSF cytology for complete neuraxis staging. 

e Biopsy of any CNS tumor is strongly recommended, although primary CNS 
lymphoma may be treated in selected cases without biopsy confirmation. Selected 
patients with imaging and symptoms consistent with low-grade glioma also may be 
followed without biopsy, although a tissue diagnosis is recommended. 

e CSF cytology is essential for staging tumors with a propensity for CSF spread (e.g., 
germ cell tumor, primitive neuroectodermal tumor, medulloblastoma, CNS 
lymphoma). CSF sampling in the immediate postoperative period may lead to false- 
positive studies and is best done either preoperatively or more than 3 weeks 
postoperatively. 


Table 15-1: Diagnostic workup for tumors of brain, brainstem, and cerebellum 
Clinical history 
General physical examination 
Complete neurologic evaluation 
Imaging studies (one of the following) 
Computed tomography scan of head with contrast material 
or 
Magnetic resonance imaging with gadolinium 
Laboratory studies 
Complete blood cell count, blood chemistry profile 
Cerebrospinal fluid chemistry, cytology, microbiology studies, as indicated 
Biopsy 


From Wara WM, Bauman GJ, Sneed PK, et al. Brain, brainstem, and cerebellum. In: Perez 
CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: 
Lippincott-Raven, 1998:777—828, with permission. 


Staging Systems 


The American Joint Committee on Cancer (AJCC) has published a staging system for 
brain tumors (Table 15-2) (2). However, in the fifth edition of the American Joint 
Committee on Cancer (AJCC) Cancer Staging Manual, no formal staging was 
recommended because of the lack of reliable prognostic factors in clinical trial 
outcomes (8). On the other hand, a recursive partitioning analysis by the Radiation 
Therapy Oncology Group (RTOG) showed that patients with brain gliomas grouped 
according to age, Karnofsky performance status, histology, mental status, and 
irradiation dose could be classified into six groups with regard to prognosis and 
response to treatment (30). 

Chang et al. (4) proposed a staging system for medulloblastoma. 


Table 15-2: TMN staging of brain tumors 


T Primary tumor 


TX Primary tumor cannot be assessed 


TO 


No evidence of primary tumor 


Supratentorial tumor 


T1 
T2 
T3 
T4 


[Tumor 5 cm or less in greatest dimension; limited to one side 


Tumor more than 5 cm in greatest dimension; limited to one side 
Tumor invades or encroaches on the ventricular system 


Tumor crosses the midline of the brain, invades the opposite hemisphere, or invades 
infratentorially 


Infratentorial tumor 


T1 
T2 
T3 
T4 


‘Tumor 3 cm or less in greatest dimension; limited to one side 
‘Tumor more than 3 cm in greatest dimension; limited to one side 


Tumor invades or encroaches on the ventricular system 


Tumor crosses the midline of the brain, invades the opposite hemisphere, or invades 
supratentorially 


N Nodal involvement 
Not defined for this site 
M Distant metastases 


MX [Presence of distant metastases cannot be assessed 


MO |No distant metastases 


M1 


Distant metastases 


From Beahrs OH, Henson DE, Hutter RVP, et al., eds. Manual for staging of cancer, 4th ed. 
Philadelphia: JB Lippincott Co, 1992:247-252, with permission. 


Pathology 


Primary intracranial tumors arise from the brain, cranial nerves, meninges, pituitary, 
and vessels, and derive from ectoderm (brain) and mesoderm (vessels, meninges, 
blood components). 


e The 1979 World Health Organization (WHO) classification of primary CNS tumors 
lists about 100 distinct pathologic subtypes of CNS malignancies in 12 broad 


categories (Table 15-3) (3). 


e Histopathologic grade of malignancy is important because benign lesions have a 
better prognosis and may be cured by surgery alone or radiation therapy below brain 


tolerance-dose levels. 


Table 15-3: Histologic classification of tumors of the central nervous system 


Neuroepithelial tumors 
Astrocytic tumors 
Astrocytoma 
Anaplastic astrocytoma 
Glioblastoma 
Oligodendroglial tumors 
Oligodendroglioma 
Anaplastic oligodendroglioma 
Ependymal tumors 
Ependymoma 
Anaplastic ependymoma 
Mixed gliomas 
Oligoastrocytoma 
Anaplastic oligoastrocytoma 
‘Choroid plexus tumors 
Neurologic tumors 
Ganglioglioma 
Anaplastic ganglioglioma 
Neurocytoma 
Pineal parenchymal tumors 
| Pineocytoma 
Pineoblastoma 
Embryonal tumors 
Medulloepithelioma 
Ependymoblastoma 


Primitive neuroectodermal tumors 


Tumors of cranial/spinal nerves 
Schwannoma (neurilemoma) 
Neurofibroma 

Tumors of the meninges 
Meningioma 

Atypical meningioma 
Anaplastic meningioma 

Mesenchymal tumors, benign 

Mesenchymal tumors, malignant 
Hemangiopericytoma 
Chondrosarcoma 
Malignant fibrous histiocytoma 
Rhabdomyosarcoma 

Uncertain histogenesis 


Hemopoietic neoplasms 
Malignant lymphomas 
Plasmacytoma 

Cysis/tumorlike lesions 
Rathke cleft cyst 
Epidermoid cyst 
Dermoid cyst 

Sellar tumors 
Pituitary adenoma 
Craniopharyngioma 


From Wara WM, Bauman GJ, Sneed PK, et al. Brain, brainstem, and cerebellum. In: Perez 
CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: 
Lippincott-Raven, 1998:777—828, with permission. 


Prognostic Factors 


e Age, tumor type, tumor grade, seizure symptoms, duration of symptoms, performance 
status, extent of surgery performed, and irradiation dose are important prognostic 


factors. 


e The strongest prognostic factors for malignant astrocytomas, before irradiation has 
been given, are (in order) age, tumor type, performance status, and extent of surgery 


(23). 


General Management 


During treatment, frequent attention must be paid to acute side effects that may 
influence the patient's quality of life. 

Medications, performance and neurologic status, blood values, and the patient's 
social situation must be monitored frequently to optimize his or her ability to accept 
and receive appropriate treatment. 

Glucocorticoids (usually dexamethasone) are used preoperatively, postoperatively, 
and during the early phases of irradiation to decrease cerebral edema. They should 
be tapered to the lowest dose necessary to control symptoms; slow decreases in 
doses (i.e., 25% every 3 days) are necessary when steroid use is discontinued. 
Treatment for the primary tumor may alleviate seizures, but residual CNS injury may 
continue to predispose to seizures. Phenytoin (Dilantin), carbamazepine (Tegretol), 
and phenobarbital are useful for generalized seizures; valproic acid and 
carbamazepine are useful for partial seizures. Concomitant medications (Such as 
glucorticoids) may alter anticonvulsant pharmacokinetics (particularly phenytoin); 
serum anticonvulsant levels should be checked regularly, particularly after medication 
changes. 

In most tumors, maximal safe surgical resection is associated with improved 
prognosis; in some tumors, complete surgical resection may be curative. 

Some chemotherapy agents have demonstrated significant radiosensitizing effects in 
the CNS (18). 


Radiation Therapy 


Radiation therapy can be delivered within the CNS by fractionated external-beam 
radiation therapy, small-field stereotactic irradiation, or interstitial brachytherapy. 
External-Beam Irradiation: Therapy is commonly started 2 to 4 weeks after surgery to 
allow for normal wound healing. Current treatment regimens for primary CNS tumors 
include doses of 50 to 60 Gy in 25 to 30 fractions (1.8- to 2.0-Gy fractions) or 64.8 Gy 
(1.8-Gy fractions) with three-dimensional (3-D) conformal irradiation. Treatment 
schedules delivering higher doses or using larger fraction sizes (greater than 2 Gy 
per fraction) are associated with higher risks of late CNS toxicity. In addition to dose 
considerations, the volume of brain irradiated to high dose must be minimized; this is 
best accomplished by multiple, cross-firing treatment beams with careful blocking of 
the uninvolved brain. Hyperfractionated and accelerated fractionated schemes have 
been explored in clinical trials but have not shown a clear benefit (22,37). For tumors 
at high risk of spread to the CSF space, elective irradiation of the whole craniospinal 
axis, with a localized boost to the area of gross tumor volume, may be necessary. 
Matching of orthogonal, diverging beams of radiation when the brain and spinal cord 
are treated necessitates careful planning and patient immobilization to avoid 
overdose in junction areas between treatment fields. 

Radiosurgery or Stereotactic Irradiation: Targets typically cannot exceed 3 to 4 cm 
and must be sufficiently distant from critical structures (optic nerves and brainstem) 
so that they are not included in the high-dose volume (26). 

Brachytherapy: Selection criteria for implant include the following: tumor confined to 
one hemisphere; no transcallosal or subependymal spread; size less than 5 to 6 cm; 
well circumscribed on CT or MRI; and accessible location for implant. Direct infusion 
of specific radioimmunoglobulins in primary and recurrent brain gliomas has been 
used (27). 

Particles: Proton- and helium-charged beam radiation therapy have been used in 
some intracerebral tumors, particularly clivus and base of skull tumors (7,29). 
Radiation Modifiers: Phase | and Il studies in malignant glioma suggest a potential 
benefit to treatment with halogenated pyrimidines during radiation therapy for 
anaplastic astrocytoma (36). 

Follow-Up: The follow-up schedule must be frequent, to monitor side effects and 
properly taper any steroid medications shortly after treatment has ended. The 
physician must ensure that neurologic improvement is optimal; tumor recurrence 
must be detected with periodic CT or MRI scans. Assessment of intellectual 
functioning and quality of life is important in patients with parasellar tumors, as well as 
in long-term survivors with brainstem glioma (who are rare); patients must be 
monitored for neuroendocrine and ophthalmologic side effects. 


Radiation Therapy Techniques 
Pertinent Anatomic Landmarks 


e The external acoustic meatus are bilaterally symmetric; they participate in the 
definition of anatomic reference planes in the head (Reid's baseline and Frankfort 
horizontal plane, connecting points in the two external acoustic meatus and one 
anterior infraorbital edge). Unless marked at simulation, the external acoustic meatus 
may be difficult to see on lateral projections because of overlying temporal bone 
structures. 

e The two lateral parts of the anterior cranial fossa, the two anterior parts of the middle 
cranial fossa floors, and the two mandibular angle points, with their lateral locations, 
represent appropriate reference points. 

e On a lateral projection radiograph, the sella turcica is centrally located and marks the 
lower border of the median telencephalon and diencephalon. The hypothalamic 
structures are located an additional 1 cm superior to the sellar floor, and the optic 
canal runs, at the most, 1 cm superior and 1 cm anterior to that point. 

e The pineal body (tentorial notch) usually sits approximately 1 cm posterior and 3 cm 
superior to the external acoustic meatus. 

e The cribriform plate, the most inferior part of the anterior cranial fossa, is an important 
reference point for the inferior border of whole-brain irradiation fields. In most 
patients, little distance is found between the lateral projections of the lens and the 
most inferior part of the cribriform plate. Without a good head fixation device, it may 
not be possible to both block out the lens and include the cribriform plate for a 
prescribed dose in both locations. 


Treatment Setup 


e The head should be positioned so that its major axes are parallel and perpendicular 
to the central axis incident beam and the treatment table; the most common errors 
are rotation of the head and longitudinal axis deviation (tilting). 

e Reproducibility of head positioning is achieved with a fixation device such as the 
Fixster stereotactic device (table-fixed reference plate attached to a plastic turban 
plus mouthpiece). Other devices are an individually made mouthpiece attached to a 
table frame or a table-fixed thermoplastic net mask. 


Irradiation of Entire Intracranial Contents 


e Whole-brain irradiation is administered through parallel-opposed lateral portals, which 
should always be individualized. 

e The inferior field border should be 0.5 to 1.0 cm inferior to the cribriform plate, middle 
cranial fossa, and foramen magnum, all of which should be distinguishable on 
simulation or portal localization radiographs. 

e The anterior border must be about 3 cm posterior to the ipsilateral eyelid for the 
diverging beam to exclude the contralateral lens; however, this supplies the posterior 
ocular bulbs with only about 40% of the prescribed dose. A better alternative is to 
angle the beam about 5 or 7 degrees (100 cm or 80 cm source to axis distance 
midline, but also field-size dependent) against the frontal plane, so that the anterior 
beam border traverses the head in a frontal plane about 0.5 cm posterior to the 
lenses (about 2 cm posterior to eyelid markers). This arrangement provides full dose 
to the posterior parts of the ocular globe (15). 


Treatment Volume in Brain Tumors 


e Small portals are used for boost treatment or when risk of spread is low. 

e For glioblastoma multiforme, it initially was recommended that large volumes or even 
the entire intracranial contents should be irradiated because of their diffuse nature. 
However, in 35 patients who had a CT scan within 2 months of an autopsy, 78% of 
recurrences were within 2 cm of the margin of the initial tumor bed and 56% were 
within 1 cm or less of the volume outlined by the CT scan (13). No unifocal tumor 
recurred as a multifocal lesion. These findings were confirmed by others (37). 


In a review of CT scans and pathologic sections of 15 patients with glioblastoma 
multiforme, if radiation treatment portals had been designed to cover the contrast- 
enhancing volume along with a 3-cm margin around the edema, they would have 
covered all histologically identified tumor in all cases (12). 

Relatively generous margins (i.e., 3 cm) and inclusion of all radiographic evidence of 
tumor and associated edema must be the rule in designing treatment portals. 

Figure 15-3A illustrates the initial portal used for the treatment of a grade 3 multifocal 
malignant astrocytoma with some brain edema to deliver 45 Gy, and the reduced 
portal to deliver an additional 14.4 Gy. 
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Fig. 15-3: A: Simulation film of head outlines frontal and thalamic tumor (T) with associated 
edema (E). Solid line depicts initial portal used to deliver 45 Gy to brain with opposing lateral 
fields (combination of 6- and 18-MV photons). Broken line outlines reduced volume irradiated 
through left lateral portal to deliver additional 14 Gy to midplane of brain with 6-MV photons. B: 
Isodose curves demonstrate dose distributions. (From Wara WM, Bauman GJ, Sneed PK, et al. 
Brain, brainstem, and cerebellum. In: Perez CA, Brady LW, eds. Principles and practice of 
radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:777—828, with permission.) 


Irradiation Techniques 


e Bilateral or medial cerebral hemispheric tumors are best treated with parallel-opposed 
portals (Fig. 15-3B). 

e If the tumor is asymmetric or lateralized, combinations of dual-photon energies (6 MV 
and 20 MV) provide better dose distributions, yielding higher tumor doses and 
diminishing the dose to the uninvolved normal brain (Fig. 15-4) (5). 

e Frontal lesions encompassing only the anterior parts of the lobe can be treated with 
anterior and lateral isocentric perpendicular beams; the dose distribution can be 
optimized with wedges in either or both beams (Fig. 15-5). 

e Midcerebral tumors (posterior frontal or anterior parietal) are best treated with 
parallel-opposed anterior and posterior portals and lateral portals, all isocentric and 
with or without wedges. 

e Posterior parietal or occipital lesions can be treated with posterior and lateral 
isocentric beams, both suitably wedged for dose homogenization. 

e Lesions in the temporal lobe tip are difficult to treat with other than lateral portals 
unless the patient is flexible enough to tuck the chin against the chest so that a 
sagittal beam does not traverse the lens. In that case, an added lateral portal may 
result in an acceptable local dose distribution, which could be further improved by a 
posterior parallel-opposed field. 

e Craniopharyngiomas and pituitary, optic nerve, hypothalamic, and brainstem tumors 
are deep and centrally located. Depending on extent, they may be treated with 


isocentric three-portal, four-portal, rotation, or arc-rotation treatment techniques. 
Stationary beams give adequate dose homogeneity in and around the sella turcica. 
The three-field technique consists of parallel-opposed lateral portals and an anterior 
vertex portal. The lateral portals may be wedged to compensate for the declining 
anteroposterior dose gradient from the anterior portal. The four-field box technique 
uses both lateral and sagittal parallel-opposed portals. A 360-degree rotation 
technique can be used if fixation is adequate to avoid geographic misses. Because of 
the shorter distance from the anterior surface, the cylindrical dose distribution 
becomes flattened posteriorly. Arc rotation with reversed edges enables an elliptoid 
dose distribution. 

e Brainstem lesions are adequately treated with parallel-opposed lateral portals 
combined with a posterior midline portal that does not irradiate the eyes (make 
certain that the ocular lenses are not in the irradiated volume). 

e Unilateral cerebellar lesions also can be covered by appropriately wedged posterior 
and lateral portals. 

e Pineal lesions are often treated with parallel-opposed lateral portals. 

e Superficial lesions (Superior sagittal sinus meningiomas) can be treated with parallel- 
opposed isocentric tangential fields or half-beam block to avoid divergence of beams 
to the normal brain. 


View Figure 


Fig. 15-4: Isodose curves illustrate increased tumor dose in unilateral cerebral hemisphere tumor 
treated with unequal beam weight (greater on side of lesion). (From Cooley G, Gillin MT, Murray JF, 
et al. Improved dose localization with dual energy photon irradiation in treatment of lateralized 
intracranial malignancies. Int J Radiat Oncol Biol Phys 1991;20:815—821, with permission.) 
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Fig. 15-5: Isodose curves illustrate treatment of patient with frontal parietal tumor with anteroposterior 
and lateral portals using wedges to improve dose homogeneity. (From Wara WM, Bauman Gu, Sneed 
PK, et al. Brain, brainstem, and cerebellum. In: Perez CA, Brady LW, eds. Principles and practice of 
radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:777—828, with permission.) 


Three-Dimensional Conformal Irradiation 


e 3-D conformal therapy increasingly is used to treat primary and metastatic brain 
tumors. 

e When International Commission on Radiation Units Report No. 50 (14) is used for 3- 
D treatment planning, the gross tumor volume encompasses the enhancing tumor 
and surrounding edema on CT or MRI scans. The clinical target volume adds 1 to 3 
cm, depending on histologic grade. The planning target volume adds 0.5 to 1.0 cm. 

e Multiple planar and noncoplanar fields (a minimum of five to six) encompassing the 
tumor and surrounding edema with appropriate margin (planning target volume) are 
used—sometimes with static or dynamic wedges and multileaf collimation—to deliver 
60.0 to 64.8 Gy in 1.8-Gy fractions. The treated volume should be encompassed by 
the 95% isodose volume (Fig. 15-6). 

e Marks et al. (21) described some of these techniques; they believed that noncoplanar 
beams were preferable to coplanar beams when the target was in the central regions 
of the head. 

e Sometimes the CT scan defines abnormalities not always perceptible on MRI studies. 
Integration of MRI and CT scan data may be necessary for optimal 3-D treatment 
planning of brain tumors. 
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View Figure 


Fig. 15-6: Lateral helmet (whole-brain) field with Cerrobend blocking (stripes) and spinal fields. The 
cranial field central ray is stationary such that the superior field border splays the cranial vault at least 
5 cm superior to the vertex. The inferior cranial field border traverses the lowest possible cervical 
vertebra, which allows a moving junction of 1 cm for each 10-Gy tumor dose. Abutment adaptation to 
the superior spine field border is achieved by rotating the helmet field 9 or 11 degrees (100 or 80 cm 
source to axis distance) with 30-cm superior spine field height) against the transverse plane through 
the body. With ideal head fixation, the anterior block border is about 0.5 cm inferior to the projection 
of the cribriform plate, 3 cm posterior to the ipsilateral eyelid surface (1.5 cm between eyelid and 
posterior lens surface + 1 cm to protect the contralateral lens from the diverging beam + 0.5-cm 
safety margin), and 0.5 cm inferior to the middle cranial fossa floor and approximately bisects the 
cervical vertebral bodies. Spine beams for neuraxis irradiation abut the cranial field. The superior 
spine beam has a stationary central ray in a transverse plane of the body, which enables optimal 
reproducibility of simultaneous movement of superior and inferior junctions after each 10 Gy. If 
possible, the superior beam should reach to the L1-2 space to avoid junctions over the inferior part of 
the spinal cord. The inferior beam has a stationary inferior border at S-3 because the dural sac ends 
at S-2. The central ray and superior border must move with step junctions unless the beam is angled. 
For optimal junction abutment, the inferior beam may be angled 18 or 22 degrees (100 or 80 cm 
source to axis distance with 30-cm field height) against the transverse plane through the body. 
Without angling, the junctions must be gapped according to junction dose summations. (From Wara 
WM, Bauman Gu, Sneed PK, et al. Brain, brainstem, and cerebellum. In: Perez CA, Brady LW, eds. 
Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:777—-828, 
with permission.) 


Neuraxis Irradiation 


Brain tumors that may require irradiation of both the CNS and the entire subarachnoid 
space (neuraxis) include medulloblastoma, high-grade posterior fossa ependymoma, 
and other CNS tumors with metastases. 

The patient may be irradiated with "boost," "helmet," and "spine" fields, in that order. 
The boost is an individual portal arrangement that depends on tumor size and 
localization. We always attempt to provide a 2-cm or greater 3-D margin around the 
presurgical (CT-enhanced tumor) volume. Wedges, angles, and multiple portals or 
rotational fields may be used. The patient is fixed in a prone position with the head 
(ideally) aligned and the neck as straight as possible. 

The helmet field simulation is prepared first by manufacture of a fixation device (a 
combination of trunk- and head-fixation devices). Eyelid markers are necessary. 
Parallel-opposed large lateral fields are simulated with the central ray in the pineal 
region. The inferior field border is allowed to reach the most inferior cervical vertebra 
without traversing the ipsilateral shoulder. When the junctions are moved, this field 
can be conveniently decreased without a change in the position of the isocenter. 

The gantry can be angled up from the horizontal position so that the eyelid markers 
coincide. This allows the ocular bulb behind the lens to reach full-dose levels because 
the field is no longer allowed to diverge from either direction. The collimator should be 
angled to accommodate the superior diverging spine field. By abutment, this avoids 
gap junctions in the cervical spinal cord. 

Blocks are drawn on the radiograph so that the irradiated volume includes the 
olfactory groove (cribriform plate), the orbits 3 cm posterior to the eyelid markers (2 
cm if gantry is angled), the middle cranial fossa plus more than 1-cm margin, and the 
posterior halves of the odontoid process and the included cervical vertebral bodies 
(Fig. 15-7). A posterior block is optional; if used, it should project through the tips of 
the cervical spinous processes and follow the external contour of the occipital bone. It 
should not be allowed to turn anteriorly with the skull contour. 

The superoinferior dimension of the helmet field is decreased by 2 cm for every 10 
Gy of tumor dose to allow for a 1-cm movement of the junction in the cervical region. 
Because the central ray is placed so high in the head, splaying of the cranial vault by 
the superior field border continues, even with decreased field sizes. 

In adults, the spine fields are usually one superior and one inferior field. The superior 
field has a stationary central ray location. The moving junction at each 10 Gy of 
additional irradiation dose moves with the superior spine field. The field width should 
be adjusted so that the lateral field borders are at least 1 cm lateral to the lateral edge 
of each ipsilateral pedicle. For scoliotic patients, it may be necessary to cut tailored 
blocks. Unless angled (or with a block below S-3), the central ray for the inferior field 
must be moved with the moving junction because the inferior border of that field must 
stay at the S-3 level (the dural sac and subarachnoid space end at S-2). 

If helmet field rotation and inferior spine beam angling are not used, the junction must 
be "gapped." The dimensions of the gaps between adjoining fields must be 
determined individually by dose calculation summations. This is helped by 
measurements from lateral radiographs on which the patient's midsagittal plane is 
marked. When the field borders are placed to optimize the gap conditions, 
consideration also must be given to divergence angles and to the individual 
attenuation characteristics of each treatment machine. All simulation radiographs 
must be indicated for midplane magnification, field size, and source to skin distance 
(source to axis distance) setup parameters. 
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Fig. 15-7: Example of 3-D treatment planning conformal irradiation technique in patient with large 
glioblastoma multiforme of frontal temporal region. Anteroposterior/posteroanterior (A) and lateral (B) 
portals. C: Reduced field to boost gross tumor. D: Virtual simulation illustrates fields used. E: 3-D 
isodose curve (55 Gy to edema with 2-cm margin and 64.8 Gy to primary tumor with 3-cm margin). 
(From Wara WM, Bauman GJ, Sneed PK, et al. Brain, brainstem, and cerebellum. In: Perez CA, Brady 
LW, eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 
1998:777-828, with permission.) 


Brain Irradiation during Pregnancy 


e The fetal dose from irradiation of brain tumors during pregnancy was determined 
using phantom measurements with thermoluminescent dosimeters in two patients 
(34). For the first patient, both clinical and phantom measurements estimated fetal 
dose to be 0.09% of the tumor dose (0.06 Gy for a tumor dose of 68 Gy). Internal 
scatter contributed 20% of the fetal dose, leakage 20%, collimator scatter 33%, and 
block scatter 27%. For the second patient, the estimated fetal dose was 0.04% of the 
tumor dose (0.03 Gy for a tumor dose of 78 Gy); leakage contributed 74% of the fetal 
dose, internal scatter 13%, collimator scatter 9%, and wedge scatter 4%. 

e When indicated, brain tumors may be irradiated to high doses during pregnancy, 
resulting in fetal exposure of less than 0.10 Gy. This may confer an increased but 
acceptable risk of leukemia in the child, but has no other deleterious effects to the 
fetus after the fourth week of gestation. 


Chemotherapy 


e Primary chemotherapy is rarely used as the sole treatment for intracerebral 
malignancies. 

e Nitrosoureas, vincristine, diaziquone (AZQ), cisplatin, and procarbazine have been 
used in conjunction with surgery and irradiation. 

e For tumors with leptomeningeal spread or at high risk of CSF involvement, direct 
intrathecal injection of chemotherapeutic agents into the CSF space has been used. 
A limited number of agents (thiotepa, methotrexate, cytosine arabinoside) are suitable 
for intrathecal injections (17). 


Sequelae of Treatment 


e Nausea and vomiting independent of changes in intracranial pressure may occur, 
particularly with posterior fossa or brainstem irradiation. 

e Radiation dermatitis is usually mild and may be treated with topical petrolatum 
(Vaseline), lanolin, or hydrocortisone. 

e Alopecia within the irradiated area may be permanent with higher total doses. 

e Otitis externa occurs if the ear is included in the irradiation fields; serous otitis media 
also may occur. 

e Inclusion of the middle ear may be associated with high tone hearing loss and, 
occasionally, vestibular damage. 

e Mucositis and esophagitis may develop with craniospinal irradiation due to the exit of 
the spinal fields through the oropharynx and mediastinum. 

e Fatigue may occur and blood counts decrease during treatment, particularly with 
large-volume cranial or craniospinal irradiation. 

e Inthe 6 to 12 weeks after irradiation, neurologic deterioration may occur as a 
subacute side effect. This is attributed to changes in capillary permeability and 
transient demyelination secondary to damage to oligodendroglial cells. Symptoms 
usually respond to steroid therapy. 

e The most serious late reaction to irradiation is radiation necrosis, which may appear 6 
months to many years (peak at 3 years) after treatment; it can mimic recurrent tumor. 
The best treatment is surgical debulking in combination with steroid treatment. Focal 
necrosis is more often a result of irradiation alone, whereas a more diffuse 
leukoencephalopathy is commonly seen after combined treatment with chemotherapy 
(particularly methotrexate) and irradiation. 

e Inclusion of the eye may lead to retinopathy or cataract formation. Optic chiasm and 
nerve injury may cause a general decrease in visual acuity, visual field changes, or 
blindness at doses greater than 54 Gy. 

e Onset of hormone insufficiency from irradiation of the hypothalamic-pituitary axis is 
variable but may be seen with doses as low as 20 Gy. 

e Cranial irradiation can produce neuropsychological changes such as decreased 
learning ability, deficits in short-term memory, and difficulties with problem solving, 
particularly in older adults and after whole-cranial irradiation. 


Management of Individual Tumors 


e A summary of treatment recommendations for selected malignancies is given in 
Table 15-4. 


Table 15-4: Treatment recommendations for selected malignancies 


Histology Surgery Radiation therapy Chemotherapy 
Pilocytic astrocytoma MSR? 54 Gy LF NR 
Low-grade astrocytoma MSR?° |54 Gy LF NR 
Anaplastic astrocytoma MSR 60 Gy LF R (PCV) 
Glioblastoma multiforme MSR 60 Gy LF + FB° R” 


Brainstem glioma MSR 54 Gy LR® NR’ 


Oligodendroglioma 


Low-grade MSR? 54 Gy LF NR 

Anaplastic MSR 60 Gy LF R° 
Ependymoma 

Low-grade MSR 54 Gy LF NR 

Anaplastic MSR 50-60 Gy LF, 36 Gy CSI? NR’ 
Medulloblastoma 

"Standard risk" MSR 54-60 Gy LF, 36 Gy CSI NR’ 

"Poor risk" MSR 54-60 Gy LF, 36 Gy CSI R 
Pineal region 

Germinoma MSR 54 Gy LF NR 

Nongerminoma GCT MSR 54 Gy LF R (BEP) 

Pineocytoma MSR 54 Gy LF NR 

Pineoblastoma MSR 54—60 Gy LF, 36 Gy CSI R 
CNS lymphoma Biopsy” 40-45 Gy WCI R 
Spinal cord 

Low-grade MSR 50 Gy LF? NR 

High-grade MSR 54-60 Gy LF° R” 


BEP, bleomycin sulfate, etoposide, cisplatin; CCNU, vincristine; CSI, craniospinal irradiation; 
IS, interstitial implant; LF, conventionally fractionated local-field external-beam irradiation; 
MSR, maximal safe resection; NR, not recommended; PCV, procarbazine; R, recommended. 


*Patients with complete resection generally require no adjuvant radiation therapy. 

Selected patients may be eligible for observation with deferred radiation therapy. 

“Focal radiation therapy boost (implant on radiosurgery) may be useful for selected patients. 
°Nitrosourea-based chemotherapy may be used adjuvantly or for recurrence. 
*Hyperfractionated radiation therapy may improve survival in selected patients. 
‘Neoadjuvant chemotherapy protocols are available for pediatric patients. 


9Craniospinal irradiation recommended for patients with positive CSF, documented 
leptomeningeal metastasis on MRI/myelogram, and selected high-risk patients. 


"Selected patients with typical radiologic/clinical findings may not need biopsy. 


From Wara WM, Bauman GJ, Sneed PK, et al. Brain, brainstem, and cerebellum. In: Perez 
CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: 
Lippincott-Raven, 1998:777—828, with permission. 


Anaplastic Astrocytoma and Glioblastoma (Malignant Gliomas) 


e Treatment of anaplastic astrocytoma and glioblastoma is similar. Current 
recommendations call for surgical resection followed by adjuvant irradiation, with the 
addition of chemotherapy in selected patients. Because malignant gliomas are 
infiltrative, even gross total resection inevitably results in tumor recurrence. 


e Localized irradiation volumes encompass either the contrast-enhanced volume with a 
3-cm margin or the peritumoral edema with a 2- to 3-cm margin. 

e Total standard dose should be 60 to 64 Gy in 1.8- to 2.0-Gy daily fractions. 

e For patients with poor pretreatment prognostic factors and limited expected survival, 
palliative treatment (30 Gy in 10 fractions in 2 weeks) may provide adequate 
symptom control without excessively protracted treatment. 

e AnRTOG phase II study of hyperfractionation compared 1.2 Gy twice daily to doses 
as high as 81.6 Gy and accelerated fractionation using 1.6 Gy twice daily to doses of 
48 and 54.4 Gy without significant increased survival. 

e Single-institution results with dose escalation through radiosurgery or brachytherapy 
boost, in addition to standard external-beam treatment, suggest a survival advantage 
in glioblastoma patients, although patient selection may account for part of this 
benefit. The RTOG is examining the role of radiosurgery boost plus external-beam 
irradiation in a phase Ill trial. In patients receiving a radiosurgery or implant boost, 
reoperation for necrosis is necessary in one-third to one-half of patients; 
approximately the same number require prolonged steroid use. 

e The combination of interstitial hyperthermia and interstitial brachytherapy is being 
explored at several centers, after preliminary results demonstrated the feasibility of 
this technique (33). 


Low-Grade Astrocytomas and Oligodendrogliomas 


e The relative rarity of these lesions, absence of randomized trials, reliance on 
institutional retrospective reviews, and long natural history make it difficult to make 
dogmatic treatment recommendations (40). 


Pilocytic Astrocytomas 


e Pilocytic astrocytomas are more amenable to total resection than other low-grade 
gliomas. In solid neoplasms, resection of the contrast-enhancing portion is sufficient. 

e Fenestration of the cyst and resection of the mural nodule usually are curative. 

e In completely resected pilocytic astrocytomas, no adjuvant therapy is needed. 

e Postoperative irradiation in subtotally resected pilocytic astrocytoma may be 
appropriate depending on symptoms, extent of residual disease, availability for follow- 
up, and feasibility of repeat surgical excision. 

e |f radiation therapy is indicated, 50 to 55 Gy (1.8- to 2.0-Gy fractions) usually is 
sufficient. 


Nonpilocytic Astrocytomas 


e Treatment for nonpilocytic astrocytoma is instituted for patients with increasing tumor 
size, new neurologic symptoms, refractory seizures, or evidence of malignant 
transformation. 

e Postoperative radiation therapy delivers 50 to 55 Gy; irradiation fields cover the 
preoperative tumor volume with a 2-cm margin. 

e Chemotherapy has no established role in the primary treatment of low-grade glioma. 
Recurrent or transforming tumors may be responsive to nitrosourea- or procarbazine- 
based chemotherapy, particularly if there is an oligodendroglial component. 


Oligodendrogliomas 


e Management of oligodendroglioma and mixed oligoastrocytoma is similar to that for 
low-grade astrocytoma. 

e Aconservative approach for small, asymptomatic or completely resected lesions is 
close follow-up with deferred irradiation. 

e Adjuvant irradiation (50 to 55 Gy) can be offered for incompletely resected or 
symptomatic tumors (32). 

e Anaplastic oligodendroglioma is more aggressive than low-grade oligodendroglioma, 
although the outlook is still considerably better compared with glioblastoma 


multiforme. Maximal surgical resection is followed by adjuvant irradiation (60 Gy in 30 
to 33 fractions to preoperative tumor volume with 2- to 3-cm margin). 

e Spinal seeding is unusual, even with high-grade tumors; prophylactic spinal 
irradiation is unnecessary (38). 

e Oligodendrogliomas have a particular sensitivity to chemotherapy (19). In trials using 
procarbazine, CCNU, and vincristine (PCV), high response rates are seen for 
recurrent lesions. There is no evidence that adjuvant PCV chemotherapy adds to 
survival in patients with low-grade oligodendroglioma, although long periods of tumor 
control have been reported with PCV used neoadjuvantly to defer radiation therapy. 
Adjuvant PCV chemotherapy may improve survival in these patients (10). 

e Intergroup study 0149 (RTOG 94-02) is in progress: In this study, patients with 
anaplastic oligodendroglioma are randomized to be treated with either irradiation 
alone (59.4 Gy in 1.8-Gy fractions), or a combination of PCV chemotherapy (4 cycles 
administered every 6 weeks) followed by the same dose of irradiation (40) 


Brainstem Gliomas 


e Most brainstem neoplasms are high-grade astrocytomas; the remainder are low- 
grade astrocytomas and ependymomas. The exact distribution of these tumors is 
difficult to assess given the low rates of biopsy confirmation in most series because of 
significant morbidity and mortality. 

e Use of CT and MRI has increased the accuracy of diagnosis of brainstem lesions. 

e Intrinsic diffuse brainstem lesions that originate in the pons and have rapid onset of 
symptoms at a younger age are usually high-grade glioma on biopsy. Lesions in the 
midbrain or thalamus, those with discrete focal lesions, or those with dorsally 
exophytic tumors often occur at an older age and have a more indolent clinical 
course; biopsy, when available, usually confirms a low-grade malignancy. 

e Intense homogenous enhancement, particularly within a focal lesion, may suggest a 
juvenile pilocytic astrocytoma rather than a high-grade glioma. 

e Other processes confused with primary brainstem tumors include abscess, 
neurofibromatosis, demyelinating plaque brainstem arteriovenous malformation, and 
encephalitis. 


Treatment 


e Corticosteroids usually are necessary to stabilize neurologic symptoms; patients with 
severe hydrocephalus may require emergency shunting. 

e Surgery has a limited role in brainstem glioma; patients with diffuse pontine lesions 
(most patients) do not benefit from surgical resection. Dorsally exophytic tumors, 
cervicomedullary tumors, and focal brainstem tumors may be amenable to resection. 

e Radiation therapy is the mainstay of treatment. For diffuse lesions, inclusion of the 
entire brainstem, from the diencephalon to the C-2 vertebral level, is recommended; 
cerebellar extension must also be covered with a 2- to 3-cm margin. More focal 
lesions may be treated with smaller fields with 2-cm margins. Design of the lateral 
portals is greatly facilitated by correlation with sagittal MR contrast-enhanced T1- 
weighted images. Irradiation doses of 50 to 60 Gy in 1.8- to 2.0-Gy fractions are 
recommended. Because most brainstem tumors fail in the irradiated volume, attempts 
have been made to escalate the dose to improve local control. 

e Hyperfractionation has been investigated extensively in phase | and II trials: Total 
doses up to 78 Gy in 78 fractions at 1 Gy twice a day have been delivered. 
Preliminary results showed no benefit to hyperfractionation over conventional 
fractionation. 

e Inaphase Ill trial, the Children's Cancer Study Group (CCSG) found no benefit to 
adjuvant chemotherapy versus irradiation alone. Aggressive high-dose chemotherapy 
with bone marrow rescue was not of benefit in phase | and II trials. Neoadjuvant 
chemotherapy has produced clinical and radiographic response, but without clear 
improvement in survival. 


Ependymoma 


e Ependymal tumors may arise anywhere within the brain or spinal cord, in close 
proximity to or distant from the ventricular system. 

e Myxopapillary and subependymoma variants may behave more indolently than 
ependymomas in general. 

e A malignant variant of ependymoma termed malignant ependymoma or anaplastic 
ependymoma is recognized. 

e Ependymoblastoma, a poorly differentiated embryonal variant with a marked 
propensity for CSF dissemination, is believed to be a variant of the primitive 
neuroectodermal tumor (PNET). 

e Histologic classification is controversial. Because these tumors are uncommon, 
investigators generally combine grade | and II tumors as "low grade" and grade Ill 
and IV tumors as "high grade." In 1983, WHO published a simplified grading system. 


Treatment 


e Emergency management may require corticosteroids or CSF diversion for a 
symptomatic mass or hydrocephalus. 

e Because modern series confirm a survival benefit and a lower risk of CSF 
dissemination in patients with total excision of the tumor, it should be attempted in all 
patients before adjuvant therapy. 

e Surgery alone may be sufficient in selected patients with low-grade, noninvasive 
tumors with complete resections, although a substantial risk of recurrence, even in 
gross totally resected tumors, may argue for adjuvant therapy in all patients. 

e Patients with low-grade tumors should be treated with partial-brain irradiation only, 
because substantial evidence exists that these tumors are more likely to fail at the 
primary site than in other areas of the brain (31,39). 

e Many patients have infiltrative tumors amenable only to subtotal resection, and in 
these cases postoperative irradiation should be considered. 

e |f possible, wedged-beam pair field arrangements should be used to spare as much 
cerebral cortex as possible from full-dose irradiation. Whether the entire ventricular 
system should be included in the treatment field is not certain, although it seems 
reasonable to do so when it is invaded by tumor. 

e High-grade supratentorial tumors should be treated with cranial irradiation only, 
because the incidence of spinal seeding is low. 

e For posterior fossa tumors, special attention should be directed to the upper cervical 
spinal cord, because 10% to 30% extend down through the foramen magnum to the 
upper cervical spine (31,39). 

e All patients with posterior fossa tumors should have CSF spinal axis staging, 
including CSF cytology, although the significance of a positive result is uncertain. The 
incidence of high-grade and infratentorial tumors relapsing within the CSF led to the 
recommendation to treat with craniospinal irradiation. More recent series document a 
low overall incidence of isolated spinal relapses, even among the highest-risk 
patients; most spinal failures are associated with local recurrences. Because of the 
morbidity of craniospinal irradiation, especially in young patients, more selective use 
of this modality is appropriate. Pathologic review is essential to rule out 
ependymoblastoma and medulloblastoma, as these tumors have a much higher risk 
of neuraxial spread. 

e Patients with neuraxial spread (positive myelogram/MRI or positive CSF cytology) or 
high risk of CSF dissemination (ependymoblastoma, large intraventricular component 
of tumor) should receive craniospinal irradiation (36 to 40 Gy in 1.6- to 1.8-Gy 
fractions), with local boost to the areas of gross disease and primary tumor (total 
dose of 50 to 54 Gy). 

e Patients in whom craniospinal irradiation is not indicated should be treated with 
generous local cranial fields, encompassing the preoperative tumor volume with a 2- 
cm margin, to doses of 54 to 55 Gy in 1.8- to 2.0-Gy fractions. 

e Anaplastic ependymoma is treated in a manner similar to low-grade ependymoma. 
Total dose to the primary tumor is somewhat higher (55 to 60 Gy). Some authors also 
recommend craniospinal irradiation in these high-grade posterior fossa tumors, given 
the perceived increased risk of spinal seeding. 

e Chemotherapy is not routinely recommended for patients with ependymoma; previous 
trials of adjuvant chemotherapy did not demonstrate a survival benefit. Recurrent 
ependymoma is sensitive to nitrosoureas, platinum compounds, and procarbazine. 


Medulloblastoma/Primitive Neuroectodermal Tumor 


e Medulloblastoma, a posterior fossa tumor, is rare in adults. 

e CSF dissemination may manifest as positive cytology or macroscopic seeding of the 
subarachnoid space. Elevated spermidine or putrescine in CSF aids in the diagnosis 
of spread into the CSF space. The incidence of CSF spread is 10% to 15% at 
diagnosis, but metastatic disease has been noted in more than 50% of autopsies of 
patients who died of recurrent disease (28). 

e Systemic metastatic incidence is about 5%, especially to lymph nodes and bone. 

e Gender and age (males and children younger than 5 years of age have the worst 
survival) are prognostic factors in medulloblastoma and PNET. 

e Locally extensive tumors (invading brainstem or extension beyond fourth ventricle) 
and those with CSF spread are associated with lower survival. 

e Patients with total or near-total resection have survival superior to those with subtotal 
resection or biopsy only. 

e Patients with PNET other than medulloblastoma are believed to have a worse 
prognosis. 

e Data regarding medulloblastoma in adults are scarce. A retrospective multivariate 
analysis of a large series of adults revealed that brainstem or fourth ventricular 
involvement, classic histologic subtype, and poor pretreatment neurologic status were 
predictive of worse outcome, as was an irradiation dose of less than 30 Gy to the 
craniospinal axis. 

e A separate staging system for medulloblastoma is available (4). 


Treatment 


e Hydrocephalus and increased intracranial pressure are managed with corticosteroids 
or shunting before attempted resection. 

e The association of systemic and peritoneal metastases with CSF diversion 
procedures has led some to recommend against shunting, but currently the benefits 
are believed to outweigh this risk. 

e Complete resection should be attempted in all patients with PNET or 
medulloblastoma. Gross total or near-total resection is preferred, but extension of the 
tumor into the brainstem may preclude complete resection without significant 
morbidity. 

e Surgery and postoperative megavoltage irradiation are the only primary treatment 
modalities with prognostic significance. 

e Postoperative irradiation is recommended for almost all patients with 
medulloblastoma; elective treatment of the whole craniospinal axis with a boost to the 
primary lesion is the standard of care. 

e The recommended irradiation dose is 30 to 40 Gy (1.6- to 1.8-Gy fractions) to the 
whole subarachnoid space, followed by a posterior fossa boost to a total dose of 50 
to 55 Gy. 

e Hyperfractionation to escalate the dose to the posterior fossa beyond 55 to 60 Gy has 
yielded equivocal results in pilot studies. 

e It is important to include the cribriform plate in the anterior fossa in the irradiation 
volume because recurrences appear there, probably as a result of inappropriate 
concern for blocking the ocular lens out of the field. The most common site of failure 
is in the posterior fossa at the primary tumor site. 

e Trials attempting to use chemotherapy instead of cranial or craniospinal irradiation 
have been unsuccessful. 

e In a randomized trial by the CCSG/Pediatric Oncology Group, an excess of early CSF 
relapses (30% versus 15%) occurred in patients receiving low-dose irradiation (20 to 
25 Gy), which prompted early termination of the trial. This approach is being tested in 
ongoing CCSG/Pediatric Oncology Group trials (6,24). 


Pineal Region 


e Pineal tumors are diverse and are grouped together because of their location. 
e Germ cell tumors predominate among older patients; pineal parenchymal tumors 
(pineocytoma, pineoblastoma) occasionally are seen. 


e Reluctance to biopsy lesions in this area because of associated morbidity led to 
empiric treatment of many lesions with irradiation. 

e In modern series with routine biopsy, benign lesions account for up to 50% of pineal 
lesions, highlighting the need for histopathologic confirmation. 

e The WHO classification subdivides pineal tumors into pineocytoma, pineoblastoma, 
and germinoma. The first two tumors are rare, and the incidence of germinoma is less 
than 1% of all intracranial tumors (42). 

e When originating in the CNS, germinomas commonly present in the pineal or sellar 
regions; multifocal presentation is common. 

e Nongerminomatous germ cell tumors (NGGCTs) of the CNS include embryonal 
carcinoma, endodermal sinus tumor, choriocarcinoma, malignant teratoma, and 
mixed tumors. 

e Germ cell tumors may secrete alpha-fetoprotein (AFP) and B-human chorionic 
gonadotropin (B-hCG) into the serum or CSF. 

e Pineocytoma is a well circumscribed, slowly growing lesion composed of well 
differentiated, mature-appearing pineal cells. 

e Pineoblastoma is generally regarded as pineal PNET; like other PNETs, it has a 
propensity to spread to the CSF space. 

e Baseline ophthalmologic assessment is necessary for patients with visual 
disturbances. 

e Serum and CSF B-hCG and AFP markers should be measured in all patients with 
pineal region masses. 

e Neuraxis staging should be performed on all patients except those with biopsy- 
confirmed benign lesions and low-grade glial tumors. 

e Treatment of pineal region tumors is controversial. Small numbers of patients, 
incomplete histologic information, nonuniform imaging of the primary tumor, variable 
staging of CSF, and widely variable treatment using various combinations of surgery, 
irradiation, and chemotherapy make interpretation of results difficult. 

e Inthe past, many patients with pineal region masses had shunts placed to relieve 
symptoms of hydrocephalus, followed by irradiation without biopsy; tumors with a 
good response to irradiation were presumed to be germinoma. Given the known 
incidence of benign tumors in 10% to 50% of patients, this policy will lead to 
unnecessary treatment of a substantial proportion of patients. 

e Histologic information allows tailoring of the treatment regimen. Response to radiation 
therapy does not always correlate with histology. 


Germinoma 


e Aggressive surgical resection is not generally indicated, but adequate sampling is 
essential as nongerminomatous elements are present in 10% to 40% of cases. 

e Correlation with serum and tumor markers is essential, as germinoma may be 
associated with mildly elevated B-hCG but not AFP. 

e Although irradiation is the treatment of choice for intracranial germinomas, 
controversy exists as to the exact volume of the CNS to be irradiated. Most series 
indicating a benefit to prophylactic irradiation of the neuraxis include nonbiopsied 
tumors, tumors treated before contemporary CT or MR imaging was available, and 
incomplete neuraxis staging. Series with biopsy-proven germinoma and negative 
neuraxis staging treated to limited fields have a low incidence of isolated spinal canal 
recurrence (less than 10%). 

e Craniospinal irradiation is reserved for neuraxis spread (positive imaging or CSF 
cytology), subependymal spread, and possibly multiple midline tumors. Craniospinal 
doses are 30 to 36 Gy with a local-field boost to the primary tumor to 50 Gy (1.8- to 
2.0-Gy fractions). 

e For patients in whom craniospinal irradiation is not indicated, partial cranial fields are 
sufficient. Whole ventricular irradiation to 30 Gy, followed by a local-field boost with a 
1- to 2-cm margin, to a total dose of 50 Gy is recommended. 

e Response to cisplatin-based chemotherapy in primary intracranial germinoma has 
been noted; however, the role of chemotherapy remains to be defined. 


Nongerminomatous Germ Cell Tumors 


e NGGCTs should be suspected in patients with elevated serum or CSF AFP, as well 
as those with marked elevation of B-hCG. 

e NGGCTs are less radiosensitive than germinomas; maximal safe resection is 
recommended for most patients. 

e For patients with elevated AFP and evidence of neuraxial spread, stereotactic biopsy 
only may be preferable, as aggressive resection may not improve survival. 

e Itis not clear if patients with NGGCT and negative neuraxis staging are at higher risk 
of neuraxial failure than those with germinoma. Poor survival in NGGCT patients has 
led some to recommend routine craniospinal irradiation after surgery, although it may 
not be necessary in those with negative neuraxial staging. 

e More recently, neoadjuvant or adjuvant platinum-based chemotherapy has been used 
to improve survival. Maximal surgical resection, followed by five or six courses of 
platinum-based chemotherapy similar to testis carcinoma regimens (cisplatin, 
etoposide, bleomycin sulfate) is typically used. Consolidative local-field (negative 
neuraxis) or craniospinal irradiation (positive neuraxis) should be added after 
chemotherapy. 


Pineocytoma and Pineoblastoma 


e Pineocytoma is treated in a manner similar to low-grade glioma. Patients with 
complete surgical resection may be observed. Patients with subtotal resection should 
receive postoperative irradiation. Local-field irradiation (50 to 55 Gy) encompasses 
the preoperative tumor volume with a 2-cm margin. 

e Pineoblastoma generally is regarded as a variant of PNET and is treated in a manner 
similar to medulloblastoma. Patients should receive maximal safe resection, followed 
by craniospinal irradiation (35 to 40 Gy to craniospinal axis, local boost to 54 Gy). 
Adjuvant chemotherapy similar to that for high-risk medulloblastoma is 
recommended. 


Primary Central Nervous System Lymphomas 


e Inthe last 10 years, there has been a large increase in the diagnosis of primary CNS 
lymphomas, particularly in patients with autoimmunodeficiency syndrome (AIDS). 

e Most CNS lymphomas presenting in the CNS are B-cell lymphomas. Histologically, 
most tumors are intermediate- or high-grade lymphomas (Working Formulation). 

e Immunohistochemical analysis is performed to confirm monoclonality and B versus T 
cell type. 

e Stereotactic biopsy is sufficient for tissue diagnosis, and obviates the morbidity of 
open craniotomy. 

e Staging investigations include an ophthalmologic assessment to rule out ocular 
involvement, CSF cytology, complete blood cell count, Epstein-Barr virus and human 
immunodeficiency virus (HIV) serology, and contrast-enhanced MRI or CT of the 
brain. 

e Systemic staging (CT of chest and abdomen, bone marrow biopsy) is rarely positive 
in patients with typical findings of CNS lymphoma, but should be performed if signs or 
symptoms suggestive of systemic involvement are present (night sweats, fever, or 
lymphadenopathy). 

e The extent of surgical resection does not correlate with survival. 

e Treatment with corticosteroids dramatically improves symptoms in most cases, but 
response is temporary; patients usually relapse within 6 months. 

e For nonimmunosuppressed patients, whole-brain irradiation (40 to 50 Gy), with or 
without local boost to the primary tumor (to 60 to 65 Gy), is suggested. The posterior 
orbits are included in the whole-brain fields. In patients with ocular involvement, the 
whole eye is treated to 30 to 40 Gy, with shielding of the anterior chamber and 
lacrimal apparatus after this dose. The frequent association of ocular lymphoma with 
synchronous or metachronous CNS lymphoma led to the recommendation by some 
authors of prophylactic brain irradiation in all patients. Craniospinal irradiation is 
suggested for patients with documented CSF involvement, but intrathecal 
chemotherapy may be equally efficacious and less toxic. 

e For immunosuppressed patients, modification of the irradiation dose and schedule 
may be necessary. Patients with good prognostic features (non-HIV 


immunosuppression, HIV-positive patients with no other AIDS-defining diagnoses, 
CD4 lymphocyte counts greater than 200) should receive standard treatment; those 
with poor prognostic features (low Karnofsky performance status, CD4 count less 
than 200, advanced AIDS) may be treated with an abbreviated course of irradiation 
(36 to 40 Gy). 

e Although irradiation is effective in inducing temporary responses, the high relapse 
rate has led to the use of combined chemotherapy (cyclophosphamide, doxorubicin, 
vincristine, and prednisone or dexamethasone) and irradiation. Impressive results 
have been obtained with intrathecal and intravenous methotrexate followed by cranial 
irradiation and intravenous cytarabine (Ara-C). 


Meningioma 


e Meningioma occurs in the cerebral convexities, falx cerebri, tentorium cerebelli, 
cerebellopontine angle, and sphenoid ridge. 

e Meningioma typically presents as a problem of local control, with local recurrence 
being the most troublesome aspect. 

e Malignant varieties with invasive growth and aggressive behavior occasionally occur, 
especially among recurrent tumors. 

e Location of the lesion, extent of surgical resection, and histopathologic features of the 
tumor (benign or malignant) are the most important prognostic factors. 

e Treatment of choice for benign meningioma is complete surgical resection, if it can be 
accomplished with low morbidity. 

e Complete resection may be difficult without significant morbidity in base of skull, 
cerebellopontine angle, or cavernous sinus meningioma. For these patients, 
conservative subtotal resection followed by postoperative irradiation, rather than 
aggressive base of skull resection, may give good local control with decreased 
morbidity (1,35). 

e Postoperative irradiation doses of 50 to 54 Gy in 1.8- to 2.0-Gy fractions are usually 
recommended for patients with subtotally excised, unresectable, or recurrent benign 
meningioma (11). 

e Target volume is generally restricted to a 2-cm margin beyond the tumor volume 
defined by CT or MRI scan and modified by the neurosurgeon's description of the 
location of residual tumor; more generous margins may be necessary for extensive 
skull base meningiomas (25). Postoperative irradiation after maximal resection is 
recommended for all malignant meningiomas; recurrence after surgery alone is high 
(50% to 100%), even with complete surgical resection. The target volume for 
malignant meningioma is more generous (3-cm margin) than that used for benign 
lesions; recommended dose is 60 Gy in 1.8- to 2.0-Gy fractions (11). 

e Multiple fields with wedge filters or rotational fields and 3-D conformal techniques are 
used to maximally spare normal brain tissue. 

e Radiosurgery has been used as the sole modality for selected patients with smaller 
meningiomas (16). 

e For elderly patients with comorbidities, expectant management with deferred 
irradiation may be appropriate for small asymptomatic lesions or even after subtotal 
resection. 

e Chemotherapy is not used as standard therapy, and the efficacy of antiprogesterone 
agents has not been demonstrated. 


Craniopharyngioma 


e Craniopharyngioma is a benign neoplasm of the suprasellar region. 

e İtis more common in children but is occasionally seen in adults, who typically present 
with craniopharyngioma early and with visual symptoms (quadrantopsia, hemianopia, 
or even blindness). 

e The cystic nature of craniopharyngioma is usually evident on CT and MRI scans; 
calcifications in the wall are common. 

e Complete surgical resection can result in long-term local control and cure; some 
tumors may recur even with complete resection. 


e Partial resection or cyst aspiration and biopsy rapidly relieve local compressive 
symptoms and have less operative morbidity, but are associated with eventual tumor 
progression in most cases. Recurrence is associated with worse prognosis (41). 

e = Irradiation combined with limited surgical procedures (partial resection or aspiration 
plus biopsy) minimizes the potential morbidity of aggressive resections (20,41). 

e Typical doses are 50 to 54 Gy in 1.8-Gy fractions in 6 weeks, delivered to the 
preoperative tumor volume with a 1.5-cm margin. Techniques used include three 
fields (opposing lateral and frontal/vertex portals) or 3-D conformal irradiation. 

e Inpatients with compressive symptoms, surgical decompression before irradiation is 
essential, as the tumor typically responds slowly to radiation therapy; in some 
patients radiation-induced edema can worsen compressive symptoms. 


Acoustic Neuroma and Neurofibroma 


e Neurilemoma, also known as schwannoma and neurinoma, arises from Schwann 
cells of the myelin sheath of the peripheral nerves. 

e Acoustic neuroma (AN) occurs in proximity to the eighth cranial nerve. 

e Neurofibroma differs from neurilemoma in cellular composition and growth pattern. 

e Neurofibroma arises from peripheral nerves, is most commonly multiple, and is 
associated with neurofibromatosis type | (Von Recklinghausen's disease). 

e initial growth within the internal acoustic canal causes vestibular and hearing 
abnormalities in up to 95% of patients with AN. Expansion into the cerebellopontine 
angle may lead to trigeminal symptoms; unilateral corneal reflex depression is an 
early sign of trigeminal involvement. 

e Large ANs may impinge on the cerebellum and brainstem, leading to ataxia, long 
tract signs, and involvement of lower cranial nerves (IX to XIl). 

e Pure tone and speech audiometry are the most useful screening tests for suspected 
AN. Thin-slice, gadolinium-enhanced MRI through the cerebellopontine angle is the 
imaging modality of choice for suspected AN. Thin-slice, contrast-enhanced, high- 
resolution CT scans are acceptable alternatives when MRI is not obtainable. 

e Patients with suspected neurofibromatosis should have complete imaging of the 
craniospinal axis to document other neurilemomas, neurofibromas, and 
meningiomas. 

e Treatment of AN should offer a high chance of local control and preservation of 
cranial nerve function. Preservation of hearing is a realistic goal in up to one-third of 
patients with "useful hearing" preoperatively. 

e The mainstay of treatment of AN is microsurgical resection. 

e Primary treatment of AN with external-beam irradiation is reported to be successful in 
retrospective studies. 

e Radiosurgery has been proposed as an acceptable alternative to microsurgical 
resection. Its well-circumscribed nature and typical intense enhancement on MRI 
facilitate localization and treatment by stereotactic techniques. 

e Adjuvant external irradiation may play a role in subtotally resected AN to decrease 
local recurrence. Fractionated stereotactic irradiation alone was used as an 
alternative in 51 patients, with 97% 5-year local tumor control; 50 to 66 Gy (median 
dose of 57.6 to 60.0 Gy, depending on tumor size) in 1.8- to 2.0-Gy fractions in 5 to 6 
weeks is recommended (9). 

e Observation alone may be appropriate in AN patients willing to undergo regular 
clinical and imaging follow-up, and may allow deferred treatment for some time. 

e Treatment for neurofibroma is usually complete resection of compressive lesions with 
expectant observation of asymptomatic synchronous lesions; local extension may 
preclude complete resection. Adjuvant irradiation (50 to 55 Gy) after maximal 
resection may prevent tumor progression. 


Hemangioblastoma and Hemangiopericytoma 


e Hemangioblastoma is a benign vascular tumor that presents during the third and 
fourth decades. Most are found in the cerebellum (and constitute the most common 
primary cerebellar tumors in adults), but they also may be found in the spinal cord. 
Treatment is primarily surgical, with complete resection curative. By analogy to 
arteriovenous malformations, radiosurgical treatment may be useful. 


e Hemangiopericytoma is a sarcomatous lesion developing from smooth muscle cells in 
blood vessels. Presentation along the base of the skull is common, although isolated 
intraparenchymal lesions are seen. Treatment is surgical resection followed by 
postoperative irradiation to total doses of 50 to 60 Gy in 1.8- to 2.0-Gy fractions. In 
contrast to other primary CNS tumors, hemangiopericytoma commonly develops 
systemic metastases. 
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Anatomy 


e The pituitary gland is a midline structure situated in the sella turcica in the body of the 
sphenoid bone (Fig. 16-1). 

e In most cases, the optic chiasm overlies the diaphragm sellae and the pituitary. 

e The anterior cerebral arteries are superior; the cavernous sinuses, containing the 
internal carotid arteries and multiple cranial nerves, are lateral to the sella turcica. 
The sphenoid sinus and nasopharynx are inferior. 

e The posterior lobe of the pituitary arises as an evagination from the floor of the third 
ventricle, with the infundibular recess representing an outpocketing of the anterior 
floor into the pituitary stalk. 

e Nerve fibers of the hypothalamus terminate in the pituitary stalk or in the posterior 
lobe. 

e The anterior and intermediate lobes of the pituitary arise from Rathke's pouch as an 
evagination from the roof of the nasopharynx. 
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Fig. 16-1: Frontal (A) and median (B) planes of pituitary fossa region. (From Grigsby PW. 
Pituitary. In: Perez CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. 
Philadelphia: Lippincott-Raven, 1998:829-848, with permission.) 


Natural History 


e Pituitary adenomas vary greatly in size and direction of spread. 

e Small tumors tend to be smooth and round; but as size increases, they often become 
irregular, with nodules extending in various directions. 

e Microadenomas (less than 1 cm in diameter) do not cause gross enlargement of the 
sella turcica, but may cause focal anterior bulging, asymmetry, or sloping of the sella 
floor. 

e Pituitary tumors have a long natural history. Onset of symptoms and signs tends to be 
insidious; symptoms range from a few days to more than10 years. 

e In121 patients treated with surgery and postoperative irradiation, the risk of 
developing recurrent disease was less than 0.5% during the first 5 years after 
treatment, but progressively increased to 4.4% with 25- to 30-year follow-up (3). 

e A 22% autopsy incidence of previously undiagnosed adenomas in presumably normal 
pituitary glands was reported; most were microscopic adenomas, but a few were 
large enough to displace optic nerves (8). 

e |f an asymptomatic pituitary tumor (diagnosed from an incidental skull 
roentgenogram) is not treated, it must be evaluated periodically for the duration of the 
patient's life so that growth can be detected before irreversible damage occurs. 

e Magnetic resonance imaging has detected pituitary abnormalities in approximately 
10% of the normal adult population (4). 

e Hyperfunctional adenomas progress slowly; mean duration of symptoms is 9.6 


Clinical Presentation and Diagnostic Workup 


e Pituitary adenomas are the most common cause of pituitary dysfunction in adults. 
Their presentation may be a consequence of malfunction or local tumor growth with 
pressure effects. 

e Procedures used for diagnosis are outlined in Table 16-1. 

e Decreased visual acuity, papilledema, ophthalmoplegia, and ocular motor 
abnormalities may occur. Patients may be asymptomatic but have significant visual 
field defects (12,13). The most common visual field defects are bitemporal 
hemianopic and superior temporal defects. Other visual field defects are 
homonymous hemianopia, central scotoma, and inferior temporal field cut (6,15). 

e Endocrine abnormalities may result from hypersecretion or hyposecretion of one or 
more of the anterior pituitary hormones. 

e Endocrine evaluation (including tests of gonadal, thyroid, and adrenal function) before 
and after therapy permits assessment of response to treatment and determines 
necessity for hormonal replacement therapy. 


Table 16-1: Diagnostic workup for pituitary adenomas 
General 
History 
Physical examination 
Special tests 
Neurologic examination with special attention to cranial mass 
Funduscopic examination; tests of visual field 
Radiologic studies 


Standard 
Chest radiographs 
Skull film 
Magnetic resonance imaging 
Complementary 
Skeletal survey (for acromegaly) 
Pneumoencephalogram (rarely used) 
Carotid arteriogram or cavernous sinus venograph (rarely used) 
Computed tomography (if magnetic resonance imaging unavailable) 
Laboratory studies 
Complete blood count, blood chemistry, urinalysis 
Endocrine evaluation 


Gonadal function: follicle-stimulating hormone, luteinizing hormone, plasma estradiol, 
testosterone 


Thyroid function: thyroxine, triiodothyronine, serum thyroid-stimulating hormone 


Adrenal function: basal plasma or urinary steroids, cortisol response to insulin 
hypoglycemia, and plasma ACTH response to metyrapone administration 


From Grigsby PW. Pituitary. In: Perez CA, Brady LW, eds. Principles and practice of radiation 
oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:829-848, with permission. 


Staging 


e Hardy and Vezina (5) developed a staging system that has gained partial acceptance 
(particularly by neurosurgeons) that classifies pituitary tumors into four grades 
according to extent of expansion or erosion of the sella: 

Grade l: normal-sized sella with asymmetry of the floor. 
Grade II: enlarged sella with an intact floor. 

Grade III: localized erosion or destruction of the sellar floor. 
Grade IV: diffusely eroded floor. 

e tis assumed that grades | and II represent enclosed adenomas and grades III and IV 
represent invasive adenomas. 

e Suprasellar extension requires a secondary designation by type: 

Type A: tumor bulges into chiasmatic cistern. 

Type B: tumor reaches floor of third ventricle. 

Type C: tumor is more voluminous, with extension into third ventricle up to foramen of 
Monro. 

Type D: tumor extends into temporal or frontal fossa. 

e This system is based primarily on radiologic evidence and tends to emphasize inferior 
extensions; it assigns a lesser degree of importance to extension or invasion other 
than through the floor of the sella. 


Pathologic Classification 


e Modern classification is based on electron microscopy and immunocytochemistry: 
Prolactin cell adenoma 
Growth hormone (GH) cell adenoma 
Mixed prolactin-GH cell adenoma 
Corticotropic cell adenoma 
Thyrotropic cell, etc. 


Prognostic Factors 


e Prognosis varies with type of adenoma and depends on a combination of factors: 
extent of the abnormality present at time of diagnosis (secondary to either mass or 
endocrine effect); degree to which injury is reversible; success of therapy in 
normalizing endocrine activity or relieving pressure effects; and permanency of 
response to treatment (freedom from recurrence) (2). 


General Management 
Medical Management 


e Medical management to suppress pituitary hyperfunction with drugs such as 
bromocriptine (a dopamine agonist), cyproheptadine hydrochloride (Periactin), 
mitotane (Lysodren), and octreotide acetate (Sandostatin) is used as primary therapy, 
and provides temporary control or remission while awaiting the slower but permanent 
response of irradiation. 


Surgical Management 


e Transsphenoidal microsurgery, effective in selective removal of microadenomas, also 
is used for adenomas extending outside the sella. 

e Contraindications include dumbbell-shaped adenomas with constriction at 

diaphragma sellae, lateral suprasellar extension, massive suprasellar tumor, and 

incompletely pneumatized sphenoid. 

Delayed surgical complications may occur. 

Anterior pituitary function may be affected with nonfunctioning adenomas. 

Excellent vision improvement occurs with surgery alone. 

Recurrence may be delayed by many years in larger tumors, but the recurrence rate 

is high with surgery alone. 


Radiation Therapy 


e Radiation therapy is effective in controlling hypersecretion and neoplastic or mass 
effects of large or recurrent tumors (9,11,17—19). 

e External irradiation controls hypersecretion in approximately 80% of patients with 
acromegaly, 50% to 80% of those with Cushing's disease, and one-third of those with 
hyperprolactinemia (1). 

e Normalization of circulating hormone levels requires anywhere from a few months to 
several years for acromegaly, and approximately 3 months to 1 year for Cushing's 
disease. 

e Primary radiation therapy is often effective to control mass effects of larger tumors, 
but in general, it is preferable to perform a biopsy, decompress the optic chiasm, and 
irradiate postoperatively to prevent recurrence. 

e External irradiation is used to treat tumors that are recurrent after primary surgery 
(10). 

e Reirradiation is sometimes used for recurrences (13). 

e In contrast to conventional irradiation, proton and a-particle irradiation and 
implantation of radioactive sources (yttrium 90 or gold 198) deliver very large doses 
to highly restricted volumes within the pituitary gland; thus, their application is limited 
to small, essentially intrasellar tumors. 

e Stereotactic radiosurgery has been used on a limited basis (16). 


Posttherapy Evaluation 


e In acromegaly, posttreatment GH values of less than 10 ng per ml indicate a 
successful response to therapy. GH levels should be followed to predict tumor 
recurrence. 

e With prolactin-secreting tumors, the objective is to lower the prolactin level to the 
normal range. 

e Plasma and urine steroids and plasma adrenocorticotrophic hormone levels measure 
evaluation of the response to therapy in Cushing's disease. 

e For all patients treated for pituitary tumors, periodic assessment of gonadal, thyroid, 
and adrenal function is necessary because hypopituitarism may occur as a result of 
irradiation or surgery. Patients treated with irradiation may develop hypopituitarism a 
number of years after treatment. 


Radiation Therapy Techniques 


e All diagnostic evidence, including that from tomograms, arteriograms, and magnetic 
resonance imaging and computed tomography scanning, as well as clinical and 
surgical findings, should be combined to define the tumor volume. 

e Computed tomography simulation helps define the treatment volume, which should 
be slightly larger to include a margin for error in estimation of tumor volume and 
variation in daily setup. 

e For well-defined adenomas, the uncertainty of margin is small; with invasive tumors, 
there is greater uncertainty. This must be considered in determining the volume to be 
included, whether the extension is into the sphenoid, or into intracranial structures. 

e Variability of setup should be no more than 2 or 3 mm. To ensure accuracy and 
reproducibility, the patient's head must be fixed. Use of three localizing light or laser 
beams permits easy repositioning. 

e Both lateral and sagittal beam-check films must be obtained at the beginning of 
therapy and periodically thereafter. 

e The technique should be designed to restrict the high-dose region to the treatment 
volume. 

e Special care must be taken to avoid exposure to the eyes; this requires observation 
of the actual setup on the treatment machine by the radiation oncologist. Radiopaque 
markers, placed on the contralateral eye when field verification films are taken, 
document the location of the eye with respect to the radiation beam. The eye is 
approximately 25 mm in length, and the lens lies in the anterior 1 cm. 

e Volume treated includes the pituitary fossa and adjacent tissues, as determined by 
evaluation of extent of the adenoma. 

e In general, portals 5 x 5cm to 6 x 6 cm, or shaped fields 5 to 6 cm in diameter, are 
used. Parallel-opposed lateral portals are used. 

e Fifteen-degree wedges, with the heel placed anteriorly, assist in obtaining a more 
homogeneous dose distribution and in decreasing the dose delivered to the optic 
chiasma. 

e With photon energies below 10 MV, it is strongly recommended that a vertex field be 
used to decrease the irradiation dose to the temporal lobes. To localize this portal, 
the patient is placed in the supine position, with head flexed and chin close to the 
lower neck. A beam entering through the vertex of the head, at approximately the 
midline of the hairline, is directed posteriorly to pass approximately 1 cm behind the 
posterior clinoid processes (Fig. 16-2). Even with higher-energy photons, the vertex 
portal is recommended to optimize the dose distribution. 

e Daily dose is 1.8 to 2.0 Gy; total dose is 45 to 50 Gy. For masses larger than 2 cm, 
we administer 54 Gy. 

e Guidelines for treatment are shown in Table 16-2. 

e lsodose curves for 4- and 18-MV photons using bilateral fixed wedges and a vertex 
field are shown in Figure 16-3. 

e Use of two fixed parallel-opposed fields yields poor isodose distributions and should 
be avoided. 

e Other techniques include bilateral coaxial wedge fields plus a coronal field, moving 
arc fields, and 360-degree rotational fields. 


e With very large tumors, two bilateral coaxial fields occasionally may be used; 
however, this technique generally is discouraged because it delivers an unnecessarily 
high irradiation dose to the temporal lobes. 
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Fig. 16-2: A: Lateral simulation film illustrates portal used for external irradiation of pituitary adenoma. 
Arrow indicates plane of rotation. B: Localization film on therapy machine. C: Lateral view of head 
illustrates position and angle of beam for frontal/vertex portal, similar to radiographic Towne's 
projection. (From Paris DQ. Craniographic positioning with comparison studies. Philadelphia: FA Davis 
Co, 1983.) D: Simulation film of anteroposterior vertex portal (similar to Towne's projection in 
diagnostic radiology) that can be used to deliver a portion of the dose without irradiating temporal 
lobes. E: Portal verification film of frontal/vertex portal illustrates path of beam. Film is obtained by 
placing it in a cassette on the side of the patient's head and exposing the film with a few monitor units; 
the patient is removed from the linear accelerator couch, and the couch is positioned so that the 
cassette is in the central axis of the frontal/vertex field beam. A second exposure with a few monitor 
units is obtained, and the film is processed. (From Grigsby PW. Pituitary. In: Perez CA, Brady LW, eds. 
Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:829-848, 
with permission.) 
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Fig. 16-3: Three-portal arrangement with open vertex and two lateral 15-degree 
wedged fields using 4-MV (A) or 18-MV (B) photons. SAD, source-axis-distance. (From 
Grigsby PW. Pituitary. In: Perez CA, Brady LW, eds. Principles and practice of radiation 
oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:829-848, with permission.) 


Postoperative Radiation Therapy 


e Radiation therapy after transsphenoidal resection is effective for primary therapy of 
acromegaly. 

e When selective resection is possible, the surgical procedure has the advantage of a 
rapid response and a low rate of hypopituitarism. 


Stereotactic Radiosurgery 


e Stereotactic radiosurgery with the gamma knife delivers focused radiation from a 
cobalt-60 source to a pituitary tumor in a single session, with minimal radiation to the 
adjacent normal brain tissue. Approximately 16 Gy and 30 Gy can be delivered to 
nonfunctioning tumors and functioning tumors, respectively. Tumor control is near 
100%. The radiation dose to the optic chiasm should be limited to less than 10 Gy. 
The neuronal and vascular structures running in the cavernous sinus are much less 


radiosensitive, allowing an ablative dose to be administered to tumors showing lateral 
invasion and impinging on cranial nerves IIl, IV, V, and VI (7,14). 


Table 16-2: Guidelines for treatment at Radiation Oncology Center, Mallinckrodt 
Institute of Radiology 


Irradiation alone* 


Cushing's disease 45-50 Gy 

Microadenomas 50 Gy (or transsphenoidal resection) 

Macroadenomas 50-54 Gy (medically operable) 
Postoperative irradiation? 

Invasive disease 50 Gy 

Incomplete resection 54 Gy 


21.8 Gy per day. 


From Grigsby PW. Pituitary. In: Perez CA, Brady LW, eds. Principles and practice of radiation 
oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:829-848, with permission. 


Adenomas with Mass Effect 


e This section deals with mass effects from pituitary tumors, with the exception of 
tumors associated with acromegaly or Nelson's syndrome. 

e In addition to visual field deficits or decreased visual acuity, hypopituitarism caused 
by pressure-induced pituitary atrophy is common. Previously, such tumors were 
thought to be nonfunctioning chromophobe adenomas, but in light of present 
information, it is probable that most pituitary tumors secrete prolactin. 

e Treatment of choice for large tumors presenting with mass effects generally is 
surgical resection followed by irradiation (50 to 54 Gy in 1.8- to 2.0-Gy fractions). 

e Large, invasive tumors should be treated primarily with irradiation because complete 
resection usually is not possible; attempted radical removal is associated with high 
mortality and morbidity. 


Sequelae of Treatment 


e Epilation, scalp swelling, and otitis are essentially the only side effects during or 
immediately after irradiation. 

e —_Irradiation-induced hypofunction commonly occurs; repeated courses of therapy, 
occasionally necessary for tumor recurrence, carry an increased risk. Endocrine 
replacement therapy should be instituted as needed. 

e Growth failure with delayed bone age frequently occurs in children or young adults. 

e Injuries to optic nerves or chiasm are rare but have been reported in patients treated 
for pituitary tumors. Except for cases of acromegaly, most cases reported have had 
either doses higher than 50 Gy or daily fractions greater than 2 Gy, or both. 
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Introduction 


e Spinal canal tumors are classified as either intramedullary, arising from the intrinsic 
substance of the spinal cord and including astrocytoma, ependymoma, and 
oligodendroglioma; or intradural-extramedullary, arising from connective tissues, 
blood vessels, or coverings adjacent to the cord or cauda equina. Common 
histologies include ependymoma, nerve sheath tumors, meningioma, and vascular 
tumors. 

e Extradural tumors are commonly metastatic, although primary tumors may arise from 
the vertebral bodies. 

e Nonmetastatic extradural tumors include epidural hemangioma, lipoma, extradural 
meningioma, nerve sheath tumors, and lymphoma. 


Anatomy 
Spinal Cord 


e The spinal cord is a slender cylinder organized into somatotopically distinct regions 
and composed of functional segments corresponding to 31 pairs of spinal nerves: 8 
cervical, 12 thoracic, 5 lumbar, 5 sacral, and 1 coccygeal. 

e The white matter is located in the periphery and surrounds the central gray matter. 

e The spinal nerves that enter and exit the spinal cord are sheathed by Schwann cells, 
and frequently possess a myelin sheath. 

e The spinal cord is nearly 25 cm shorter than the vertebral column; by adulthood it 
ends near the level of the L-1 vertebral body. Because of this differential growth, the 
exit level of each pair of spinal nerves within the spinal cord is generally higher than 
the corresponding vertebral body level. 

e The lower lumbar, sacral, and coccygeal nerves form the cauda equina, the collection 
of nerves that fill the thecal sac below L-1. 

e Atits most caudal extent, the cord tapers to a thin segment, the conus medullaris. 


Spinal Canal 


e The spinal canal is formed by the posterior body surfaces and arches of the stacked 
vertebrae, and is triangular in the lumbar and cervical regions. 

e It is surrounded by the meninges; the innermost is the pia mater, which covers the 
spinal cord and its blood vessels. Meningiomas are commonly attached to the 
dentate ligaments. 

e The dura mater forms a dense, fibrous barrier between the bony spinal canal and the 
spinal cord. The dura ends inferiorly at the level of the S-2 vertebra, but continues 
with the filum terminale down to the coccyx. 

e Between the dura mater and the pia mater is the arachnoid mater, which encloses the 
subarachnoid space filled with cerebrospinal fluid (CSF). The subarachnoid space 
follows the arachnoid down to the end of the dural sac. 


Natural History 


e Most primary tumors of the spinal canal are histologically benign, but often cause 
significant disability because they compress or invade the spinal cord and interfere 
with neurologic function. 

e —Intramedullary tumors produce local invasion or cystic compression of the cord; 
extramedullary lesions compress, stretch, or distort the cord or the spinal nerves. 

e Complications of paraplegia or quadriplegia, such as infection or respiratory 
compromise, are the major causes of death in patients with spinal canal tumors. 

e CSF seeding is possible but uncommon (8). 

e Because the central nervous system (CNS) has no lymphatics, spread to lymph 
nodes is not seen; hematogenous spread is extremely rare. 

e Primary spinal cord tumors may be focal, relatively localized, or may involve nearly 
the entire length of the cord. 


Clinical Presentation 


e Pain, often localized to the involved region, is the presenting symptom in nearly 75% 
of patients with primary spinal canal neoplasms; radicular pain reflects the distribution 
of the involved root. 

e Numbness replacing pain is a more advanced sign, indicating compromise of spinal 
nerve or nerve tract conduction. 

e Other CNS symptoms include weakness (75% of patients), sensory changes (65%), 
and sphincter dysfunction (15%) (10). 

e Low-grade tumors generally have a longer duration of symptoms than high-grade 
tumors. 

e Initial bladder and bowel dysfunction are relatively uncommon except in tumors of the 
conus medullaris and filum terminale. 

e |n a cauda equina tumor, saddle anesthesia and absent ankle reflexes (S-1) or 
plantar (S-2) responses may occur. Impotence and loss of anal or bulbar cavernous 
reflexes may also be present. 


Diagnostic Workup 


e A meticulous and accurate patient history and physical and neurologic examination 
are mandatory (Table 17-1). 

e The differential diagnosis for spinal cord tumors includes syringomyelia, multiple 
sclerosis, amyotrophic lateral sclerosis, diabetic neuropathy, viral myelitis, or 
paraneoplastic syndromes (10). 

e A patient with a suspected spinal canal neoplasm should not be subjected to lumbar 
puncture before magnetic resonance imaging (MRI). Symptoms may be exacerbated 
after a spinal tap because of shifting of the spinal cord and incarceration before the 
tumor can be adequately localized. The CSF usually has increased protein levels and 
may exhibit xanthochromia, especially with extradural compression conditions; lower 


values are found with intramedullary disease and compression in the cervical region 
(1). 

Plain x-ray films of the spine show abnormalities in approximately 50% of patients 
with primary spinal canal neoplasms; changes are more likely to be detected in 
children than in adults (3). Abnormalities caused by increased intracanalar pressure 
include erosion of vertebral pedicles, enlargement of the anteroposterior diameter of 
the bony canal, and scalloping of the posterior wall of the vertebral bodies. Spinal 
canal tumors also may be associated with scoliosis or kyphoscoliosis, especially in 
children. Calcification may be seen in extramedullary tumors, especially 
meningiomas; and, less frequently, in nerve sheath tumor. 

Myelography is being replaced by high-quality MRI of the spine; however, it is still 
useful in patients unable to undergo MRI scanning because of implanted 
ferromagnetic materials. 

Computed tomography (CT) scanning is frequently combined with myelography to 
evaluate the presence of intradural pathology, but it is probably most helpful in 
evaluating the spine for extradural pathology. Bone tumors or paraspinal soft tissue 
masses that secondarily involve the spinal cord (dumbbell tumors) can be imaged 
with contrast-enhanced CT scans (5). 

MRI has replaced myelography and CT as the study of choice for evaluating spinal 
canal tumors. Some cystic tumors, vascular lesions, or lipomas can be diagnosed 
based on characteristic signals on T1- and T2-weighted images, without contrast. 
Intravenous gadolinium-diethylenetriamine pentaacetic acid (Gd-DTPA) 
administration improves the sensitivity of MRI by enhancing the solid component of 
intramedullary tumors, differentiating them from surrounding edema or syrinx cavities. 
Nearly all spinal cord gliomas, regardless of grade, enhance with Gd-DTPA (15). 
Sagittal T1-weighted images usually localize intramedullary masses along with 
adjacent cysts. Intradural-extramedullary lesions show considerable enhancement on 
T1-weighted images after administration of Gd-DTPA. 

Intraoperative ultrasonography is an indispensable adjunct in the surgical 
management of intramedullary spinal cord neoplasms after the posterior spinal bony 
elements have been removed. 


Table 17-1: Diagnostic workup for primary spinal cord tumors 
General 
History 
Physical examination 
Complete neurologic examination 
Diagnostic imaging studies 
Plain radiography 
Magnetic resonance imaging 
Myelography with computed tomography (optional) 
Intraoperative ultrasound 
Laboratory studies 
Cerebrospinal fluid chemistry (optional) 
Cerebrospinal fluid cytology (high-grade tumors) 


From Michalski JM, Garcia DM. Spinal canal. In: Perez CA, Brady LW, eds. Principles and 
practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:849-866, with 


permission. 


Pathologic Classification 


e Suspected primary tumors of the spinal cord and spinal canal must be pathologically 
confirmed in all cases. 

e Strong consideration should be given to biopsy of any presumed metastatic tumors if 
they are the first sites of disease recurrence. 

e Primary tumors of the spinal cord are histopathologically similar to those found 
intracranially, but distribution of the various tumor types depends on the relationship 
of the neoplasm to the spinal cord and dura (Table 17-2). 


Table 17-2 : Primary spinal canal tumors: locations, types, and frequencies 


Location 
Extradural 


Intradural- 
extramedullary 


‘Intradural- 
intramedullary 


Frequency 
(%) 


Infrequent 
70 


30 


Type 


Meningioma 


Nerve sheath tumor 
Meningioma 


Ependymoma in cauda 


Vascular malformations 


Teratoma, dermoid, 
squamous Cell neoplasia 


Lipoma 


Ependymoma in cord 
Astrocytoma 
Oligodendroglioma 


Vascular malformations 
Teratoma 
Hemangioma 


Comments 
=10% of spinal meningiomas 


45% of primary tumors at this 
location; thoracic preference 


<40% of primary tumors at this 
location; thoracic preference 


60% of all spinal canal 
ependymomas; lumbosacral 
preference 


<10% of primary tumors at this 
location 


<10% of primary tumors at this 
location; sacrococcygeal 
preference 


Infrequent 


40% of all spinal canal 
ependymomas 


<45% of primary tumors at this 
location 


=15% of primary tumors at this 
location 


Infrequent 
Infrequent 
Infrequent 


From Michalski JM, Garcia DM. Spinal canal. In: Perez CA, Brady LW, eds. Principles and 
practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:849-866, with 


permission. 


Prognostic Factors 


e Major clinical prognostic factors include tumor type, grade, extent, and location, in 
addition to patient age and presenting neurologic function. 

e Treatment-related factors that influence outcome in selected patients include tumor 
resectability and use of radiation therapy. 

e Many factors are interdependent. 

e Neurologic function at diagnosis is an important clinical prognostic factor (9). 

e Young age at time of diagnosis is associated with a good 5-year recurrence-free 
survival in patients with astrocytoma (11), but it is unclear if age is important in 
patients with ependymoma (4,6,13,18). 


General Management 


e The treatment of choice for most tumors is complete surgical excision; gross total 
excision with preservation of neurologic function as the goal. 

e Piecemeal resection can be accomplished with little neurologic disability; however, 
the risk of recurrence is significant, and adjuvant irradiation is warranted (13,14,17). 

e For completely excised tumors, the prognosis is excellent, and no additional therapy 
is indicated. 

e For incompletely excised tumors, adjuvant radiation therapy should be strongly 
considered to provide durable local tumor control and to improve survival. 

e Radiation therapy has been used for postoperative treatment of intramedullary 
astrocytomas and ependymomas. 

e Although we advocate irradiation after subtotal resection, there are some clinical 
circumstances—such as when young children are diagnosed before pubertal 
growth—in which careful follow-up after surgery should be considered, with radiation 
therapy reserved until after a second operation for clinical recurrence. Most spinal 
cord tumors in young children are low-grade astrocytomas or well-differentiated 
ependymomas with a very low growth rate; delaying radiation therapy until recurrence 
or early tumor progression may allow the child to grow at a normal rate for several 
years before receiving irradiation. 

e Postoperative irradiation is used in patients with ependymoma after incomplete or 
piecemeal excision. In some series, increasing doses of irradiation are associated 
with better tumor control in patients with ependymoma (13). 

e Data supporting routine use of adjuvant irradiation in subtotally resected astrocytic 
tumors of the spinal cord are less conclusive; the slow growth of these neoplasms 
makes it difficult to prove that radiation therapy is beneficial. 

e Use of chemotherapy for gliomas of the spinal cord remains experimental. 


Radiation Therapy Techniques 


e Primary tumors of the spinal canal are easily treated with a direct posterior field. 

e Some lumbar region tumors, including those of the cauda equina, may require 
opposed anteroposterior and posteroanterior (PA) portals because of lumbar lordosis 
and the location of the vertebral bodies near the midline of the trunk. 

e Other techniques should be considered when exit dose to the anterior midline 
structures of the trunk would be excessive (Fig. 17-1). 

e Tumors exclusively involving the cervical spine can be treated with opposed lateral 
fields to avoid incidental irradiation of the hypopharynx and oral cavity. 

e Tumors involving the thoracic and lumbar spinal canal can be treated with a paired 
set of oblique-wedged fields to get a superior dose distribution, compared with a 
single posterior field. The oblique paired field plan, although more complex, treats the 
midline structures anterior to the spinal column to a lower cumulative irradiation dose; 
it also avoids the high given-dose to the subcutaneous tissues that is delivered with a 
single PA field. In some parts of the trunk, the exit dose delivered to the lungs or 
kidneys with paired oblique fields may require use of a PA treatment technique either 
exclusively or in combination with the oblique fields. 

e In females requiring treatment to the lumbosacral spine for cauda equina tumors, we 
have used a lateral technique to avoid exit irradiation to the pelvis and ovaries (Fig. 
17-2). This technique may treat more of the back musculature and even some of the 
retroperitoneum, yet spares the more radiosensitive ovaries and uterus. Wedges may 
be required on these lateral lumbosacral fields to provide a homogeneous dose 
distribution. Care should be taken to avoid irradiating the kidneys at the L-1 through 
L-3 levels with this technique. The arm should be positioned appropriately to avoid 
entrance or exit irradiation from these lateral beams. 

e The width of posterior fields is typically 7 or 8 cm, although fields as small as 5 cm 
may be considered for young children. Traditionally, the superior and inferior borders 
encompass two vertebral bodies above and below the tumors, which are defined by 
myelogram; this is generally adequate to avoid marginal miss. 


e Amore accurate definition of gross tumor on the MRI scan may allow the tumor boost 
to encompass the lesion plus 2 cm. 

e The field width should encompass the anterior vertebral foramina if tumor extension is 
suspected. 

e In young children, the anterior vertebral bodies and developing epiphyseal plates may 
be partially spared by using posterior oblique-wedged fields or opposed lateral fields. 

e For small, treated segments of spinal cord, the depth of the cord beneath the skin 
surface can be determined from CT or MRI scans; it also can be determined by 
obtaining a lateral radiograph of the spine on the simulator, using a wire on the skin 
surface and calculating the spinal cord depth by employing the magnification factor 
used for the film. 

e If large segments of the spinal cord are irradiated, the spinal cord dose should be 
computed at multiple points because of variation in curvature and depth of the spinal 
cord, as well as different source to skin distances above and below the central axis of 
the beam. A transverse and sagittal treatment plan using CT and MRI scans should 
be performed. A sagittal treatment plan can be discerned from a sagittal 
reconstruction or MRI scan, or from a lateral spine radiograph with the midline skin 
wired, and documentation of the magnification factor of the film (Fig. 17-2). 

e For small cervical spinal cord lesions, in which lateral fields will be used, radiation 
beam energies of 4- to 6-MV photons achieve a homogeneous dose distribution. 
Lesions involving the thoracic and lumbar spine often require combinations of low- 
energy (4 to 6 MV) and high-energy (18 to 25 MV) photons to achieve a 
homogeneous dose distribution when posterior fields are used. Parallel-opposed 
posterior and anterior fields, or paired oblique wedge fields, can give homogeneous 
dose distributions with x-ray energies as low as 4 to 6 MV. 

e Craniospinal or spinal-axis irradiation generally is not indicated for spinal cord tumors. 
Local failure is a predominant site of tumor recurrence (8,11,13). Patients with high- 
grade ependymoma (18) or malignant glioma (2) have a high rate of neuroaxis 
dissemination; consideration should be given to treating the spinal axis or the entire 
craniospinal axis. 


iew Figure 


Fig. 17-1: Treatment planning for spinal cord tumors. A: Single posteroanterior field. Advantages of 
this beam arrangement include simplicity and near-universal applicability in most spinal cord irradiation 
regimens. A disadvantage is the large volume of tissue receiving a significant exit dose. The axial and 
sagittal isodose displays reflect a 6-MV x-ray beam treated to a 4-cm depth. B: Paired posterior 
oblique wedge fields. The advantage of this technique is a decrease in high exit-dose irradiation to 
anterior tissues with a more conformal irradiation dose distribution near the target volume. 
Disadvantages include more complicated treatment setup and verification. The axial and sagittal 
isodose displays reflect a 45-degree wedged pair of 6-MV x-ray beams treated to the center of the 


spinal cord volume, with a 90-degree hinge angle. With opposed lateral fields, an advantage is 
homogeneous dose distribution within the target volume, with sparing of anterior structures from 
significant irradiation dose. A disadvantage is limited applicability in cervical and lower lumbosacral 
sites. (From Michalski JM, Garcia DM. Spinal canal. In: Perez CA, Brady LW, eds. Principles and 
practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:849-866, with 
permission.) 


View Figure 


Fig. 17-2: Simulation film of lateral-field technique for lumbosacral spine, which prevents anterior pelvic 
structures from receiving significant irradiation dose. This is desirable in young women and girls to 
minimize incidental irradiation of ovaries. The superior aspect of this field can be matched to the 
divergence of a superior posteroanterior field in a fashion similar to the junction of a cranial portal to a 
spinal portal in craniospinal irradiation. Beam modifiers (wedges or tissue compensators) may be 
required with this lateral beam arrangement. (From Michalski JM, Garcia DM. Spinal canal. In: Perez 
CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott— 
Raven, 1998:849-866, with permission.) 


Radiation Therapy Doses 
Intramedullary Ependymomas and Astrocytomas 


e Total dose is 50 Gy, given in 1.5- to 2.0-Gy daily fractions. 
e |f more than half of the spinal cord is irradiated, the total tumor dose should not 
exceed 45 Gy; however, small segments may tolerate 55 Gy. 


Ependymomas of the Cauda Equina 


e Total dose is 45 to 50 Gy in 1.8- to 2.0-Gy fractions. 

e The treatment field should encompass the entire thecal sac, with the field widened 
inferiorly to the sacroiliac joints to ensure adequate coverage of the meningeal 
sleeves within the intervertebral foramina. 

e In children, the dose to the spinal cord should be limited to 40 to 45 Gy in 1.5- to 
1.75-Gy daily fractions. 


e Hyperfractionation has been suggested to treat spinal cord tumors to a higher 
cumulative irradiation dose while minimizing the risks of spinal cord injury (8), but it 
remains investigational. 


Sequelae of Radiation Therapy 


e Transient, reversible myelopathy can manifest itself within 2 to 6 months after 
irradiation. Lhermitte's sign, characterized by shock-like sensations radiating to the 
hands and feet when the neck is flexed, is a classic finding in patients with transient 
myelopathy. 

e Chronic, progressive, or delayed myelopathy can occur months to years after 
radiation therapy. 

e Progressive myelopathy is dependent on total dose, fraction size, volume, and region 
irradiated (7,16). A conservative estimate of spinal cord tolerance historically is 45 Gy 
in conventional 1.8- to 2.0-Gy fractions or 30 Gy in 3-Gy fractions; the actual 
incidence of myelopathy with these doses is less than 0.2% to 0.5% after 50 Gy, 1% 
to 5% after 60 Gy, and 50% with 68 to 73 Gy (12). The cervical spinal cord may 
tolerate slightly higher doses of irradiation than the thoracic or lumbar spinal cord. 

e Irradiation of the spine in a child may produce spinal deformity (scoliosis or kyphosis) 
because of retardation of bone growth. Other organs that may receive a significant 
dose include thyroid, heart, bowel, and ovaries. Children should receive long-term 
follow-up for development of functional sequelae. 
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Anatomy 


e The ocular structures consist of eyelids, cilia, lacrimal glands, drainage apparatus, 


and conjunctiva. 


e The globe is composed of three tunicae: the outer coat (the cornea and sclera), the 


middle coat (the uvea), and the inner layer (the retina). 


e The vascular supply is derived from the central retinal artery and the ciliary system. 


e The lens is located posterior to the iris and is suspended from the ciliary body. 


e The ocular groove, nerves, vessels, orbital fat, and ocular muscles are encompassed 


within the bony orbit. 
Ocular Malignancies 
Basal and Squamous Cell Carcinomas of Eyelid 


e Radiation therapy is effective and results in acceptable cosmesis (4). 
e Overall cure rates of 90% or better are achieved by delivering 45 to 60 Gy using 
electron-beam or low energy x-rays, with appropriate shielding of the lens (5). 


Meibomian Gland Carcinoma 


e Meibomian gland carcinomas are sebaceous gland carcinomas that may be 
multicentric, resulting in local recurrences. 


e Radiation therapy is an equivalent alternative to surgery, with acceptable cosmesis 


for both primary and recurrent disease. 
e High radiation doses of 60 to 65 Gy in 6 to 7 weeks are highly recommended. 


Uveal Tumors 


Metastatic Tumors of Posterior Uvea 


e Metastatic carcinoma to the eye is the most common malignant disease involving the 


eye. 


e Metastatic uveal lesions account for 15% of all cases. The most common primary 
sites are the breast or lung in women and the lung or gastrointestinal tract in men. 


e Uveal metastases are most commonly unifocal, although multifocal disease within the 
same eye is not uncommon. 

e Metastatic uveal tumors can cause visual symptoms that should be treated. The aim 
of therapy is to return visual function to patients. 

e Observation for small lesions may be appropriate if the patient is undergoing systemic 
therapy; however, lack of response to systemic therapy mandates local treatment to 
the involved eye with radiation therapy (5). 

e For patients with active systemic disease, palliative irradiation to 30 to 35 Gy over 3 
weeks to the entire ocular structure is recommended. 

e Inthe absence of active systemic disease, and in patients with projected long-term 
survival, a more aggressive approach, delivering 45 to 50 Gy in 4.5 to 5.5 weeks, is 


required. 

e Radiation therapy can be delivered with lateral portals, with shielding of the lens and 
cornea. 

e Treatment can be delivered with 15- to 18-MeV electrons or with low-energy photons 
(4 to 6 MV). 


e The lateral field should be tilted posteriorly 5 to 10 degrees to avoid irradiation of the 
contralateral lens and cornea, and parallel to the base of the skull (when possible) to 
avoid the brain. 

e Plaque radiation therapy is an option for treating solitary uveal metastasis, particularly 
when external-beam irradiation fails to control the disease. 


Malignant Melanoma of Posterior Uvea 


e Malignant melanoma represents 75% of malignant tumors involving the eye (1,575 
new cases projected in 2001). 

e Melanoma of the anterior uvea usually is detected earlier than posterior tumors. 

e Anterior uveal melanoma may be removed by iridectomy or iridocyclectomy. 

e Posterior uveal melanoma traditionally has been treated by enucleation of the 
affected eyeball, although there is controversy about the optimal management of this 
disease. Some investigators question the role of tumor enucleation because it may 
promote seeding of tumor cells, affecting a patient's prognosis. 

e Brachytherapy techniques using various sources, including cobalt 60, iodine 125 
('*1), iridium 192, ruthenium 109, and gold 198 seeds, have been used (1,10). 

e Indications for plaque radiation therapy are: (a) selected small melanomas that are 
growing, (b) potential for preservation of vision with medium-sized choroidal and 
ciliary body melanomas, or (c) actively growing tumor that occurs in the patient's only 
useful eye. 

e For tumors that exceed 15 mm in diameter and 10 mm in thickness, radiation therapy 
can cause significant morbidity, and enucleation is preferred. 

e The visual outcome of eye treatment with radiation therapy depends on tumor size 
and location relative to the fovea or optic disc. Large tumors and tumors in proximity 
to the fovea or optic disc place patients at high risk of radiation retinopathy and 
papillopathy after treatment. 

e Studies have shown increased risk of visual loss when doses higher than 50 Gy are 
delivered to the fovea or optic disc (3). 

e Combined plaque irradiation and laser photocoagulation, transpupillary 
thermotherapy (16), or chemotherapy have been used to increase local control, 
particularly in tumors close to the optic disc. 

e There is general agreement that large ocular melanomas and tumors with extrascleral 
extension at diagnosis are not readily amenable to radiation therapy. In this group of 
patients, enucleation or exenteration is the preferred option. 

e In view of continued poor survival of patients treated with enucleation, several studies 
have evaluated the role of preoperative irradiation and its impact on survival. 
However, most studies have not shown long-term survival benefit with preoperative 
irradiation, compared with enucleation alone (5). 

e Shields et al. (15) reported a local control rate of 93% in patients with nonresectable 
diffuse iris melanoma treated with custom-designed "I plaque irradiation. A mean 


dose of 293 Gy to the base and 106 Gy to the apex of the iris melanoma was 
delivered during a mean treatment time of 96 hours. No significant corneal damage 
was reported. 

After analyzing the outcome of 630 consecutive patients with macular melanoma 
managed by plaque radiotherapy, there was 91% 5-year local tumor control rate. The 
risk for metastasis was 12% at 5 years and 22% at 10 years. Tumor recurrence was 
increased for tumor thickness greater than 4 mm, largest basal tumor diameter 
greater than 10 mm, distance of tumor margin from the optic less than 2 mm, and 
retinal invasion (8). 

The prognostic factors associated with poor visual acuity or vision loss include 
increasing tumor thickness, a proximity of the plaque to foveola of less than 5 mm, 
and a patient older than 60 years of age (17 


Retinal Tumors 
Retinoblastoma 


e Retinoblastoma is the most common intraocular malignancy in children. 

e lItis estimated that 600 new cases will be diagnosed in the United States in 2001, 
representing approximately 25% of all primary malignant tumors of the eye. 

e Retinoblastoma is bilateral in one-third of patients and unilateral in two-thirds. 

e Retinoblastoma is hereditary in approximately 40% of diagnosed cases and is 
transmitted as an autosomal-recessive trait (9). The genetic abnormality involves 
deletion or mutation of tumor suppressor gene (RB gene) on the long arm of 
chromosome 13. 

e |In general, the hereditary form is diagnosed earlier than the nonhereditary form of the 
disease. Most patients with the hereditary form have bilateral disease. 

e Most children with this tumor are diagnosed before 3 to 4 years of age. 

e Leukochoria (white papillary reflex), strabismus (squint), and a mass in the fundus are 
the common presenting signs and symptoms, which are commonly noticed at 6 to 24 
months of age. 

e Diagnostic workup of retinoblastoma requires a history, a physical examination 
(including a complete ophthalmologic examination with retinal drawings and 
photographs), ultrasound for documentation of tumor location and size, and a cranial 
computed tomography scan. 

e Routine cerebrospinal fluid study and bone marrow examination are not 
recommended, except when there are signs and symptoms suggestive of extraocular 
extension. 

e Factors that carry a poor prognosis include orbital invasion, involvement of the optic 
nerve, central nervous system dissemination, and heritable bilateral tumors. Tumor 
parameters such as size, growth pattern (endophytic or exophytic), and differentiation 
do not significantly influence the systemic prognosis (20). 

e The most widely used grouping system for retinoblastoma is the Reese-Ellsworth 
classification system (Table 18-1). 

e The goal of therapy is both cure and preservation of vision. 

e There is a trend away from enucleation and external-beam radiotherapy and toward 
focal conservative treatments for small tumors (19). 

e nucleation is indicated in unilateral tumor in which the eye is blind, or when the 
retinoblastoma fills most of the eye, especially when there is a concern for tumor 
invasion into the optic nerve or choroid. External-beam radiotherapy continues to be 
an important method of treating less advanced retinoblastoma, especially when there 
is diffuse vitreous or subretinal seeding (19). 

e In bilateral disease, enucleation of the more severely affected eye is indicated only 
when the eye is blind. 

e Other indications for enucleation include glaucoma following rubeosis iridis with vision 
loss, and tumor recurrence not amenable to more conservative therapy. 

e Inpatients with Reese-Ellsworth eye groups I, Il, or Ill, systemic chemotherapy used 
with local ophthalmic therapies (cryotherapy, laser photocoagulation, thermotherapy, 


or plaque radiation therapy) can eliminate the need for enucleation or external-beam 
radiation therapy without significant systemic toxicity (6). 

e Chemoreduction has been used successfully to reduce the size of Reese-Ellsworth 
group V retinoblastoma: There was 78% ocular salvage; of this group, 25% avoided 
external-beam radiation therapy. Vitreous seeds and subretinal seeds showed initial 
regression and often complete disappearance with chemoreduction. Seed recurrence 
also was decreased, by approximately 70% (7,18,19,20). 

e When the eye contains group | or Il tumors, external-beam irradiation using 
meticulous lens-sparing technology can preserve vision in almost all cases, with 
minimal complications. 

e Preservation of vision with external-beam radiation therapy in more advanced tumors 
drops to 79% in group III, 70% in group IV, and 29% in group V (9). 

e Radioactive plaque therapy offers another option for local treatment of 
retinoblastoma. Historically, various sources have been used, including cobalt 60, 
"51 iridium 192, and ruthenium 109. 

e The advantage of j plaque therapy is related to its physical properties of low 
energy, adequate dose distribution, and ease of shielding, which contribute to 
decreased radiation exposure to the opposite side of the eye and epiphyseal centers 
of the eye, as well as to personnel. 

e The Wills Eye Tumor Group recommends doses of 45 to 50 Gy to the tumor apex; 
dose should be 35 to 40 Gy if irradiation is combined with chemotherapy. 

e Ina series of 91 cases of recurrent or residual retinoblastoma, Shields et al. (14) 
reported a tumor control and salvage rate of 89% with a mean dose of 41 Gy to the 
apex at 52 months of mean follow-up with '**! plaque therapy with chemotherapy. 

e Recent investigations have shown encouraging results with multidrug chemotherapy 
in conjunction with local therapy such as irradiation, radioactive plaque placement, or 
laser photocoagulation. 

e The potential problem of secondary neoplasms (i.e., osteosarcoma) after 
chemoirradiation remains open. As the risk of second malignancy is increased, new 
primary cancer rates after 50 years for patients receiving radiation therapy are 5% for 
nonhereditary retinoblastoma and 51% for hereditary retinoblastoma. The rate drops 
to 27% for patients not receiving radiation therapy (12). 


Radiation Therapy Techniques 


e The goal of external-beam irradiation is to provide a homogeneous tumoricidal dose 
to the tumor with minimal normal tissue toxicity. 

e It is necessary to treat the entire retina to avoid tumor recurrence in the anterior part 
of the eye. Studies have shown that whole-eye irradiation of retinoblastoma results in 
recurrence in the anterior retina in only 1.4% of cases in which the anterior retina has 
received a full radiation dose. This certainly is better tumor control than with lens- 
sparing techniques, which result in tumor recurrences in 19% (5). 

e There are several options for irradiation fields, including a single lateral field, a single 
anterior field, or a combination of both anterior and lateral fields. 

e The best technique to avoid anterior failures is a lateral field with a sufficient anterior 
field border (with or without an equally weighted anterior beam) or a single anterior 
field that encompasses the entire eye. 

e Most techniques using a lateral field involve blocking of the anterior half of the field, 
producing a D-shaped field. 

e It is important to encompass the entire retinal anlage when designing the anterior 
half-beam block of the lateral field. 

e Retinoblastoma can be adequately treated with 40 to 45 Gy in 1.5- to 2.0-Gy daily 
fractions if external beam alone is used. 

e With a combination of chemotherapy and irradiation, the irradiation dose should be 
reduced to 35 to 40 Gy 


Optic Glioma 


e Optic nerve glioma is more common in children younger than 15 years of age. 

e The incidence is approximately 1% of all central nervous system tumors; more than 
50% of cases involve the optic chiasm. 

e These tumors grow slowly and can cause visual defects, proptosis, optic atrophy, and 
nystagmus. 

e Completeness of surgical excision correlates with survival, but intracranial surgery 
alone produces low survival figures. 

e Radiation therapy is indicated when intracranial or progressive symptoms are 
present. 

e Radiation therapy can be delivered with bilateral temporal or multiportal beam 
arrangements for lesions involving both the posterior optic nerve and chiasm, using 
three-dimensional techniques. 

e Doses of 50 Gy in 1.8- to 2.0-Gy fractions 5 times per week are recommended for 
adults; for children younger than 15 years of age, recommended dose is 45 Gy in 1.6- 
to 1.8-Gy daily fractions. 

e Radiation therapy offers the advantage of preservation of vision, as opposed to 
surgical intervention. 

e Optic gliomas are indolent tumors, and long-term survival ranging from 80% to 100% 
is achieved with radiation therapy. 

e Radiation therapy complications of calcification, necrosis, and chiasmal damage are 
rare, except for endocrine disorders in children. 

e To minimize the risk of long-term toxicity in children, chemotherapy is evolving as an 
alternative treatment program. 


Orbital Tumors 
Rhabdomyosarcoma 


e Rhabdomyosarcoma of the orbit is most often seen in young children, and has a rapid 
onset with marked proptosis and swelling of the adnexal tissue. 

e Inthe past, orbital exenteration was the recommended treatment, since many 
ophthalmologists thought that the tumor was not radioresponsive. However, literature 
has now documented radioresponsiveness of rhabdomyosarcoma, and the current 
recommendation for initial management is a combined-modality treatment consisting 
of radiation therapy and chemotherapy. Surgical intervention is limited to biopsy or 
local excision. 

e Radiation therapy alone can result in a local tumor control rate of approximately 90%; 
when combined with chemotherapy, 5-year disease-free survival of 90% or better is 
possible. 


Malignant Lymphoma of the Orbit 


e Orbital lymphoma may be the only manifestation of lymphoma or may be part of a 
generalized lymphoma. 

e The staging workup is the same as that used for non-Hodgkin's lymphoma at other 
sites. 

e Radiation therapy alone results in excellent local tumor control (greater than 85% at 5 
years) (2). 

e Patients in whom orbital lymphoma is part of a generalized disease can benefit from 
chemoirradiation. 

e A radiation therapy dose of 30 to 45 Gy administered in conventional fractionation is 
recommended for treatment of localized orbital lymphoma, with adequate coverage of 
the orbital structures. 


Lacrimal Gland Tumors 


e Lacrimal gland tumors tend to invade the surrounding orbital bone, which makes a 
surgical approach difficult. 

e The mortality associated with these tumors makes radiation therapy an important part 
of the treatment program to reduce postoperative recurrences. 

e Tumor doses of 50 to 60 Gy are required, depending on the size of the lesion. 


Sequelae of Treatment 


e Skin changes resulting from radiation therapy include erythema, depigmentation, 
atrophy, and telangiectasia. 

e Loss of eyebrows or eyelashes may or may not be permanent. 

e Hair loss from the scalp may occur at the exit area of an external-beam portal. Loss 
may be transient and followed by hair regrowth, although hair may have a different 
texture. 

e Direct corneal injury may occur at radiation doses of approximately 48 Gy. Reversible 
epithelial changes with minimal stromal damage can occur at doses below 48 Gy. 

e Radiation-induced cataract is a significant concern in the treatment of the eye with 
radiation therapy. A single dose of 2 Gy or a fractionated dose of 8 Gy at the level of 
the lens can significantly increase the risk of cataract formation. At higher doses, the 
risk is almost 100%. Treatment is the same as for nonradiation-caused cataracts, 
which is surgical removal when delayed more than 6 months after treatment (11). 

e Radiation-induced retinopathy and retinal atrophy can result in gradual vision loss. 

e Significant retinal damage will not occur at doses below 50 Gy with conventional 
fractionation, but the risk of radiation retinopathy is increased in patients with 
diabetes. 

e Optic nerve damage may result from either ischemic injury due to small vessel 
changes or retrobulbar optic neuropathy due to proximal nerve injury. 

e Doses of 60 Gy or higher are associated with increased risk of optic nerve atrophy, 
particularly when fraction sizes are larger than 1.9 Gy (13). 

e Plaque radiotherapy was used to treat 630 patients with choroidal melanoma. Visually 
significant maculopathy developed at 5 years in 40% of the patients, cataract in 32%, 
papillopathy in 13%, and tumor recurrence in 9%. Vision decrease by 3 or more 
Snellen lines was found in 40% of the patients at 5 years. Sixty-nine eyes (11%) were 
enucleated because of radiation complications and recurrence. Twelve percent of the 
patients developed metastasis by 5 years and 22% by 10 years (8). 

e Cranial irradiation in children with optic glioma, particularly with high radiation doses, 
can result in hypothalamus or pituitary dysfunction. 

e Growth hormone deficiency and precocious puberty may result at doses above 45 to 
55 Gy. 


References 


1. Bosworth JL, Packer S, Rotman M, et al. Choroidal melanoma: l-125 plaque therapy. 
Radiology1988;169:249—251. PubMed | 


2. Chao CKS, Lin H-S, Devineni VR, et al. Radiation therapy for primary orbital lymphoma. Int 
J Radiat Oncol Biol Phys1995;31:929-934. 


3. Cruess AF, Augsburger JJ, Shields JA, et al. Visual results following cobalt plaque 
radiotherapy for posterior uveal melanoma. Ophthalmology 1984;91:131-136. PubMed | 


4. Fitzpatrick PJ. Organ and functional preservation in the management of cancers of the eye 
and eyelid. Cancer Invest1995;13:66. Submed | 


5. Freire JE, Brady LW, DePotter P, et al. Eye. In: Perez CA, Brady LW, eds. Principles and 
practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven Publishers, 1998:867— 
888. 


6. Friedman DL, Himelstein B, Shields CL, et al. Chemoreduction and local ophthalmic 
therapy for intraocular retinoblastoma. J Clin Oncol 2000;18(1):12—17. Bubmes | 


7. Gunduz K, Shields CL, Shields JA. The outcome of chemoreduction treatment in patients 


with Reese-Ellsworth group V retinoblastoma. Arch Ophthalmol 1998;116(12):1613- 
1617 E 


8. Gunduz K, Shields CL, Shields JA, et al. Radiation complications and tumor control after 
plaque radiotherapy of choroidal melanoma with macular involvement. Am J Ophthalmol 
1999;127(5): 579-589, BubMed | 


9. Halperin EC. Retinoblastoma: genetics, diagnosis, treatment and sequelae. Presented at 
the 39th annual meeting of American Society for Therapeutic Radiology and Oncology 
(ASTRO). Orlando, FL, October 19-22, 1997. 


10. Karlsson UL, Augsburger JJ, Shields JA, et al. Recurrence of posterior uveal melanoma 
after ©°Co episcleral plaque therapy. Ophthalmology 1989;96:382-388. PubMed | 


11. Merriam GR, Focht E. A clinical study of radiation cataracts and their relationship to dose. 
AJR Am J Roentgenol Radium 1957;77:759. 


12. Murray T. Cancer incidence after retinoblastoma: radiation dose and sarcoma risk. Surv 
Ophthalmol 1998;43(3)(Nov-Dec):288-289. Bubited | 


13. Parsons JT, Bova FJ, Fitzgerald CR, et al. Radiation optic nerve neuropathy after 
megavoltage external-beam irradiation: analysis of time-dose factors. Int J Radiat Oncol Biol 
Phys 1994;30:755-763. BubMed | 


14. Shields CL, Shields JA, DePotter P, et al. Plaque radiotherapy for residual or recurrent 
retinoblastoma in 91 cases. J Pediatr Ophthalmol Strabismus1 994;31:242-245, PubMed | 


15. Shields CL, Shields JA, DePotter P, et al. Treatment of nonresectable malignant iris 
tumors with designed plaque radiotherapy. Br J Ophthalmol 1995;79:306-312. PubMed | 


16. Shields CL, Shields JA. Transpupillary thermotherapy for choroidal melanoma. Curr Opin 
Ophthalmol 1999;10(3)(Jun):197—203. Babies | 


17. Shields CL, Shields JA, Cater J, et al. Plaque radiotherapy for uveal melanoma: long-term 
visual outcome in 1106 consecutive patients. Arch Ophthalmol 2000;118(9):1219- 
1228. PubMed | 


18. Shields CL, Shields JA, Needle M et al. Combined chemoreduction and adjuvant 
treatment for intraocular retinoblastoma. Ophthalmology 1997;104(12):2101—21 11. Bubited | 


19. Shields CL, Shields JA. Recent developments in the management of retinoblastoma. J 
Pediatr Ophthalmol Strabismus 1999;36(1):8—18;quiz 35-36. PubMed | 


20. Singh AD, Shields CL, Shields JA. Prognostic factors in retinoblastoma. J Pediatr 
Ophthalmol Strabismus 2000;37(3)(May-Jun):134—1 41 ;quiz 168—169. PubMed | 


Radiation Oncology: 
Management 
Decisions 


Table of Contents 


19: Ear 


Anatomy 
Clinical Presentation 


Diagnostic Workup 

Pathologic Classification 
Prognostic Factors 

Staging System 

General Management 
Radiation Therapy Techniques 


Sequelae of Treatment 
References 


Anatomy 


e The external ear consists of the auricle or pinna, the external auditory meatus (canal), 
and the tympanic membrane (Fig. 19-1). The external auditory meatus connects the 
tympanic membrane to the exterior and is approximately 2.4 cm long. The outer third 
is cartilaginous, whereas the inner two-thirds is bony and slightly narrower. The 
tympanic membrane, made of multiple layers of squamous epithelium, separates the 
auditory canal from the middle ear. 

e The tympanic (or middle ear) cavity houses the auditory ossicles and opens into the 
eustachian tube to communicate with the pharynx. The overall length of the 
eustachian tube is 3.5 cm. 

e The inner or internal ear lies in the petrous portion of the temporal bone and consists 
of the bony labyrinth and the membranous labyrinth. 

e The acoustic nerve, arising at the lateral termination of the internal acoustic meatus 
and ending in the brainstem between the pons and the medulla, is responsible for 
auditory and vestibular function. 

e Lymphatic vessels of the tragus and anterior external portion of the auricle drain into 
the superficial parotid lymph nodes. Lymphatic vessels of the posterior-external and 
whole-cranial aspect of the auricle drain into the retroauricular lymph nodes, whereas 
those of the lobule drain into the superficial cervical group of lymph nodes. 

e Lymphatics from the middle ear and the mastoid antrum pass into the parotid nodes 
and the upper deep cervical lymph nodes. 

e The lymphatics in the middle ear and eustachian tube are sparse; the inner ear has 
no lymphatics. 
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Fig. 19-1: Anatomy of the ear. (Modified from Million RR, Cassisi NJ, eds. Management of 
head and neck cancer: a multidisciplinary approach. Philadelphia: JB Lippincott Co 
1984:560, with permission.) 


Clinical Presentation 


Basal cell carcinoma is more common than squamous cell carcinoma in the external 
ear. Tumors present as small ulcerations, mostly on the helix 
. : 


Pruritus and pain are common for lesions of the external canal 


Diagnostic Workup 


High-resolution computed tomography can help determine the operability of tumors 
(9). 


e Magnetic resonance imaging sometimes can provide excellent delineation of soft 
tissue tumor margins, muscle infiltration, intracranial extension, and vessel 
encasement. 


Diagnosis is always established by biopsy. 
Pathologic Classification 


Approximately 85% of tumors involving the auditory canal, middle ear, and mastoid 
area are squamous cell carcinomas. 


Prognostic Factors 


bone are usually the most difficult to treat. 
Seventh nerve palsy associated with middle ear tumors indicates poor local control 


Staging System 


Large lesions involving the middle ear and lesions with extension into the temporal 
e 


Neither the American Joint Committee nor the International Union Against Cancer 
has a staging system for tumors of the ear. 

Stell and McCormick (10) have proposed a staging system using International Union 
Against Cancer guidelines (Table 19-1). 


Table 19-1: Proposed staging system for tumors of the ear 


T1 Tumor limited to site of origin, with no facial nerve paralysis and no bone destruction 
detected radiographically 


T2|Tumor extending beyond site of origin, indicated by facial paralysis or radiographic 
evidence of bone destruction but no extension beyond organ of origin 


73 Clinical or radiographic evidence of extension to surrounding structures (e.g., dura, base 
of skull, parotid gland, temporomandibular joint) 


Tx |Insufficient data for classification, including patients previously seen and treated 
elsewhere 


From Stell PM, McCormick MS. Carcinoma of the external auditory meatus and middle ear: 
prognostic factors and a suggested staging system. J Laryngol Oto! 1985;99:847-850, with 
permission. 


General Management 


External Ear 


Tumors of the external ear most often are treated with limited surgery or external 
radiation therapy. 

Irradiation treatment in early stages is usually with orthovoltage or electron beam 
therapy (7). 

Most techniques have been fairly successful in the treatment of lesions in this area. 
Surgery is beneficial if the lesion has invaded the cartilage of the ear or extends 
medially into the auditory canal. 

Afzelius et al. (1) indicated that lesions over 4 cm, as well as those with cartilage 
invasion, have an increased risk of nodal spread. Prophylactic neck dissection is 
recommended (2). 

Interstitial irradiation using afterloading iridium 192, particularly for tumors smaller 
than 4 cm, is also an effective method of treatment, affording excellent local control 
with good cosmesis (6). 

Radical surgery and postoperative irradiation are the accepted methods of treatment 
for more advanced lesions of the external auditory canal and lesions in the middle ear 
and mastoid (4). 

Lesions of the outer part of the auditory canal require local excision with a margin of 
at least 1 cm between the lesion and the tympanic membrane if there is no 
radiographic evidence of invasion of the mastoid. 

When the tumor involves the bony auditory canal and impinges on the tympanic 
membrane, but does not involve the middle ear or the mastoid, a partial temporal 
bone resection may be necessary. 


Middle Ear and Temporal Bone 


Depending on tumor extent, surgical options are mastoidectomy, lateral temporal 
bone resection, subtotal temporal bone resection, and total temporal bone resection. 
Zhang et al. reported that the 5-year survival rate for 33 patients was 51.7% by the 
life-table analysis. Specifically, the 5-year survival rates were 100% for tumor limited 
to the external canal, 68.8% for tumor eroding the middle ear or mastoid or causing 
facial paralysis with limited soft tissue involvement, and 19.6% for tumor eroding the 
cochlea, petrous apex, or dura, or with extensive soft tissue involvement. 


Postoperative irradiation is essential to increase the chance of local tumor control 


(11). 
Radiation Therapy Techniques 


e Tumors involving the pinna can be treated with electrons or with superficial or 
orthovoltage irradiation. The fields can be round or polygonal, and are drawn around 
the tumor to spare surrounding normal tissues. For small, superficial tumors, margins 
of 1 cm are adequate. More extensive lesions require large portals, which may 
encompass the entire pinna or external canal, with 2- to 3-cm margins around the 
clinically apparent tumor (Fig. 19-2). Lesions involving the pinna must be treated with 
low fractionation (1.8 to 2.0 Gy daily) to prevent cartilage necrosis. Doses of 65 Gy 
over 6.5 weeks are required to achieve adequate tumor control. Among 334 lesions 
treated at Princess Margaret Hospital, the most frequently used dose prescriptions 
were 35 Gy in 5 fractions (123 treatments with a median field size of 4.9 cm’), 42.5 to 
45.0 Gy in 10 fractions (67 treatments with a median field size of 10.5 cm’), and 50 to 
65 Gy in 20 to 30 fractions (42 treatments with a median field size of 81 cm’). The 
actuarial 2- and 5-year local control rates were 86.6% and 79.2%, respectively. 
Tumor size greater than 2 cm was associated with poor outcome. 

e Large lesions of the external auditory canal may be treated with irradiation alone or 
combined with surgery. The portals should encompass the entire ear and temporal 
bone with an adequate margin (3 cm). The volume treated should include the 
ipsilateral preauricular, postauricular, and subdigastric lymph nodes. 

e Extremely advanced, unresectable tumors should be treated with high-energy 
ipsilateral electron beam therapy (16 to 20 MeV), either alone or mixed with photons 
(4 to 6 MV), or with wedge-pair (superoinferiorly angled beams) techniques using low- 
energy photons. Doses of 60 to 70 Gy over 6 to 7 weeks are required. Doses higher 
than this may produce osteoradionecrosis of the temporal bone. If various types of 
radiation therapy beams are available, individualized treatment plans should be 
devised (Fig. 19-3). 

e Most patients receiving radiation therapy to the middle ear and temporal bone regions 
will benefit from immobilization devices, such as the Aquaplast system. 

e Overall 5-year survival rates with combination therapy for tumors involving the middle 
ear and external auditory canal range from 40% to 60% (5). For patients with earlier- 
stage tumors, a 70% Survival rate at 5 years with no evidence of disease can be 
achieved. 


View Figure 


Fig. 19-2 : Example of treatment portal for tumor of the middle ear involving the petrous 
bone. The mastoid is included in the irradiated volume. (From Devineni VR. Ear. In: Perez 
CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: 
Lippincott-Raven, 1998:889-896, with permission.) 
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Fig. 19-3: Computerized isodose distribution for treatment of a middle ear tumor using a 
combination of 4-MV photons (20%) and 16-MeV electrons (80%). (From Devineni VR. Ear. 
In: Perez CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. 
Philadelphia: Lippincott-Raven, 1998:889-896, with permission.) 


Sequelae of Treatment 


e Possible sequelae of surgery include hemorrhage, infection, loss of facial nerve 
function, and, rarely, carotid artery thrombosis. 

e Radiation therapy sequelae include cartilage necrosis of the external auditory canal 
and osteoradionecrosis of temporal bone (3). 

e Anoverall 4% to 10% incidence of bone necrosis can be expected after 
administration of 60 to 65 Gy. Risk of necrosis increases for lesions larger than 4 cm 


(8). 
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Anatomy 


e The nasopharynx is roughly cuboidal; its borders are the posterior choanae anteriorly, 
the body of the sphenoid superiorly, the clivus and first two cervical vertebrae 
posteriorly, and the soft palate inferiorly (Fig. 20-1). 

e The lateral and posterior walls are composed of the pharyngeal fascia, which extends 
outward bilaterally along the undersurface of the apex of the petrous pyramid just 
medial to the carotid canal. The roof of the nasopharynx slopes downward and is 
continuous with the posterior wall. 

e The eustachian tube opens into the lateral wall; the posterior portion of the 
eustachian tube is cartilaginous and protrudes into the nasopharynx, making a ridge 
just posterior to the torus tubarius. Just posterior to the torus tubarius is a recess 
called Rosenmiller's fossa. 

e Many foramina and fissures are located in the base of the skull, through which 
several structures pass (Fig. 20-2, Table 20-1). Some are potential routes of spread 
of nasopharyngeal carcinoma. 

e Lymphatics of the nasopharyngeal mucosa run in an anteroposterior direction to meet 
in the midline; from there they drain into a small group of nodes lying near the base of 
the skull in the space lateral and posterior to the parapharyngeal or retropharyngeal 
space. This group lies close to cranial nerves IX, X, XI, and XII, which run through the 
parapharyngeal space. 

e Another lymphatic pathway from the nasopharynx leads to the deep posterior cervical 
node at the confluence of the spinal accessory and jugular lymph node chains (7). 

e A third pathway leads to the jugulodigastric node, which is frequently involved in 
nasopharyngeal carcinoma, according to Lederman (14). 
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Fig. 20-1: Midsagittal section of head shows nasopharynx and related structures. (From 
Fletcher GH, Healey JR Jr, McGraw JP, et al. Nasopharynx. In: MacComb WS, Fletcher GH, 
eds. Cancer of the head and neck. Baltimore: Williams & Wilkins, 1967:180, with 
permission.) 
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Fig. 20-2: Computed tomography scan of base of the skull illustrates bony anatomy and 


foramina of base of skull on the right and structures occupying these foramina on the left. 
(Courtesy of Fred J. Hodges III, M.D.) 


Table 20-1: Foramina of the base of skull and associated anatomic structures 


Foramen Structures 

Cribriform Olfactory nerve and anterior ethmoidal nerve 

plate (ethmoid) 

Optic foramen (Optic nerve and ophthalmic artery 

Superior orbital Third (oculomotor), fourth (trochlear), and sixth (abducent) nerves, and 

fissure ophthalmic division of fifth (trigeminal) nerve; ophthalmic vein; orbital 
branch of middle meningeal and recurrent branch of lacrimal arteries; 
sympathetic plexus; some filaments from carotid plexus 


Foramen Maxillary division of trigeminal nerve to pterygopalatine fossa 
rotundum 


Foramen ovale [Mandibular division of trigeminal nerve; accessory meningeal artery; lesser 
superficial petrosal nerve 


Foramen Upper portion: internal carotid; sympathetic carotid plexusLower portion: 


lacerum vidian nerve; meningeal branch of ascending pharyngeal artery; emissary 
vein 

Foramen Middle meningeal artery and vein; recurrent branch of mandibular nerve 

spinosum 

Internal Seventh (facial) and eighth (auditory) nerves; internal auditory artery from 

acoustic basilar artery 

meatus 

Jugular Anterior portion: inferior petrosal sinusPosterior portion: transverse sinus; 


foramen meningeal branches from occipital and ascending pharyngeal 


arteriesIntermediate portion: ninth (glossopharyngeal), tenth (vagus), and 
eleventh (spinal accessory) nerves 


Hypoglossal Hypoglossal nerve; meningeal branch of ascending pharyngeal artery 


canal 
Foramen Spinal cord; spinal accessory nerve; vertebral vessels; anterior and 
magnum posterior spinal vessels 


From Perez CA. Nasopharynx. In: Perez CA, Brady LW, eds. Principles and practice of 
radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:897—940, with permission. 


Natural History 


Carcinoma of the nasopharynx frequently arises from the lateral wall, with a 
predilection for the fossa of Rosenmiller and the roof of the nasopharynx. 

Tumor may involve the mucosa or grow predominantly in the submucosa, invading 
adjacent tissues including the nasal cavity. In approximately 5% of patients, tumor 
extends into the posterior or medial walls of the maxillary antrum and ethmoids (19). 
In more advanced stages, tumor may involve the oropharynx, particularly the lateral 
or posterior wall. 

Upward extension of tumor through the basilar foramen results in cranial nerve 
involvement and destruction of the middle fossa. 

The floor of the sphenoid occasionally may be involved. 

Approximately 90% of patients develop lymphadenopathy, which is present in 60% to 
85% at initial diagnosis. Approximately 50% of patients have bilateral lymph node 
involvement (19). 

The incidence of distant metastasis is not related to stage of the primary tumor, but 
does correlate strongly with degree of cervical lymph node involvement. In 63 
patients with NO necks, 11 (17%) developed metastatic disease, in contrast to 69 of 
93 (74%) with N3 cervical lymphadenopathy (20). The most common site of distant 
metastasis is bone, followed closely by lung and liver (25). 


Clinical Presentation 


Tumor growth into the posterior nasal fossa can produce nasal stuffiness, discharge, 
or epistaxis. Occasionally, the voice has a nasal twang. 

The orifice of the eustachian tube can be obstructed by a relatively small tumor; ear 
pain or a unilateral decrease in hearing may occur. Blockage of the eustachian tube 
occasionally produces a middle ear transudate. 

Headache or pain in the temporal or occipital region may occur. Proptosis sometimes 
results from direct extension of tumor into the orbit. 

Sore throat can occur when tumor involves the oropharynx. 

Although a neck mass elicits medical attention in only 18% to 66% of cases, clinical 
involvement of cervical lymph nodes on examination at presentation ranges from 60% 
to 87%(8,14). 

Some patients present with cranial nerve involvement. In 218 patients, 26% had 
cranial nerve involvement, although it caused presenting symptoms in only 3% (14). 


Leung et al. (16) reported a 12% incidence of cranial nerve involvement in 564 
patients with primary nasopharyngeal carcinoma; incidence was higher in patients 
with computed tomography scans (52 of 177, or 29%). 

e Cranial nerves III through VI are involved by extension of tumor up through the 
foramen lacerum to the cavernous sinus. Cranial nerves I, VII, and VIII are rarely 
involved 


Diagnostic Workup 


e A complete history and physical examination includes detailed evaluation of extent of 
disease in the pharynx (Table 20-2). 

e Extent of neck node metastases must be assessed, and a search made for distant 
metastases. 

e Biopsies must be done of the nasopharynx and adjacent suspicious areas. 


Table 20-2: Diagnostic workup for carcinoma of the nasopharynx 
General 
History 


Physical examination including careful inspection to determine extent of primary tumor 
and palpation for neck node metastases, testing of cranial nerves, and inspection of 
tympanic membranes 


‘Special tests 
Indirect and direct nasopharyngoscopy 
Multiple biopsies 
Baseline audiologic testing (as clinically indicated) 
Radiographic studies 
Standard 
Computed tomography or magnetic resonance scans of head and neck 
Chest radiograph 
Complementary 


Bone scan: only if indicated by pain or tenderness or elevation of heat-labile fraction of 
alkaline phosphatase 


Bone radiographs: only if indicated by abnormal bone scan or symptoms 


Liver scan: only if indicated by right upper quadrant pain, enlarged liver by palpation, or 
elevation of liver chemistries 


‘Laboratory studies 
Blood counts 
Blood chemistry profile 
Liver function studies 


From Perez CA. Nasopharynx. In: Perez CA, Brady LW, eds. Principles and practice of 
radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:897—940, with permission. 


Staging 


e The multiplicity of staging systems makes comparison of results from different 
institutions extremely difficult. 


e The most commonly used staging system is the American Joint Committee tumor- 
node-metastasis system (Table 20-3). 


Table 20-3: American Joint Committee TNM staging system for nasopharyngeal 
carcinoma 


Primary tumor 

TX Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Tis Carcinoma in situ 

T1 Tumor confined to the nasopharynx 

T2 Tumor extends to soft tissues of oropharynx and/or nasal fossa 


Without parapharyngeal extension 
T2a 


With parapharyngeal extension 
T2b 


T3 Tumor invades bony structures and/or paranasal sinuses 


T4 Tumor with intracranial extension and/or involvement of cranial nerves, infratemporal 
fossa, hypopharynx, or orbit 


Neck nodes? 
Nx Regional lymph nodes cannot be assessed 
NO No regional lymph node metastasis 


N1 Unilateral metastasis in lymph node(s),=6 cm in greatest dimension, above the 
supraclavicular fossa 


N2 Bilateral metastasis in lymph node(s),=6 cm in greatest dimension, above the 
supraclavicular fossa 


N3 Metastasis in a lymph node(s): 
Greater than 6 cm in dimension 


N8a 

Extension to the supraclavicular fossa 
N3b 
Metastases 


MX Distant metastasis cannot be assessed 
MO No distant metastasis 


M1 Distant metastasis present 


*The distribution and the prognostic impact of regional lymph node spread from nasopharynx 
cancer, particularly of the undifferentiated type, is different from that of other head and neck 
mucosal cancers and justifies use of a different N classification scheme. 


From Fleming ID, Cooper JS, Henson DE, et al., eds. AJCC cancer staging manual, 5th ed. 
Philadelphia: Lippincott-Raven, 1997:31—39, with permission. 


Pathologic Classification 


e Approximately 90% of malignant tumors arising in the nasopharynx are epidermoid or 
undifferentiated carcinomas; the remaining 10% are mainly lymphoma but also may 
be plasmacytoma, tumors of minor salivary gland origin, melanoma, 
rhabdomyosarcoma, and chordoma (19). 

e Adenoid cystic carcinoma of the nasopharynx is extremely rare. 


e Sarcomas occasionally arise from embryonal, vascular, or connective tissue. 
e Most lymphomas of the nasopharynx are large cell non-Hodgkin's lymphomas. 


Prognostic Factors 


e Race, age, and gender rarely have prognostic significance (4). 

e Cranial nerve involvement was not significantly associated with decreased survival in 
several series (4); however, Sham et al. (22) found it to be the only significant 
prognostic factor. 

e Survival decreases as cervical lymph node involvement progresses from the upper to 
the middle and lower nodes (21). 

e Bilateral cervical lymph node involvement is an ominous prognostic factor. 

e In 122 patients with localized nasopharyngeal carcinoma, histology was the most 
important prognostic factor for survival; the relative risk of death was 3.4 and 3.2 for 
nonkeratinizing and squamous cell carcinoma, respectively, compared with 
undifferentiated carcinoma (11). 

e In 759 patients with stage | to IV tumors treated with definitive irradiation, tumor and 
nodal stage, size and fixation of cervical lymph nodes, gender, patient age, presence 
of cranial nerve involvement, and ear symptoms at presentation were significant 
factors affecting survival on Cox multivariate analysis (23). Nonsignificant prognostic 
factors included bilateral neck lymph node involvement, histologic subtype, and 
irradiation dose to primary tumor and neck. 


General Management 


e Because the nasopharynx is immediately adjacent to the base of the skull, surgical 
resection with an acceptable margin is impossible. Radiation therapy has been the 
sole treatment for carcinoma of the nasopharynx. 

e Rarely, radical neck dissection has been performed for treatment of neck node 
metastasis, but it is not superior to irradiation alone. 

e Arandomized phase III intergroup trial in which chemoradiotherapy was compared 
with radiotherapy alone in patients with stage III and IV nasopharyngeal cancers 
revealed the advantages of chemotherapy. Radiotherapy was administered in both 
arms for a total dose of 70 Gy. During radiotherapy, the investigational arm received 
chemotherapy with cisplatin 100 mg per m° on days 1, 22, and 43; postradiotherapy, 
chemotherapy with cisplatin 80 mg per m° on day 1 and fluorouracil 1,000 mg per m? 
per day on days 1 to 4 was administered every 4 weeks for 3 courses. 

e The 3-year progress-free survival rate was 24% versus 69% in favor of chemotherapy 
arm (p <.001). The 3-year overall survival rate was 47% versus 78%, respectively (p 


= .005) (1). 
Radiation Therapy Techniques 
Volume (Portals) and Doses of Irradiation 


e Volume to be irradiated includes the nasopharynx, adjacent parapharyngeal tissues 
(with a 1- to 2-cm margin), and all of the cervical lymphatics (jugular, spinal 
accessory, and supraclavicular nodes). Standard fields include the posterior ethmoid 
cells, the posterior one-third of the maxillary antrum, and the nasal cavity (but not the 
orbit, unless warranted) (Fig. 20-3). 

e A thermoplastic mask is used for immobilization; the portals are drawn on the mask, 
avoiding marking lines on the patient's skin. 

e Upper necks/primary target-volume opposing lateral fields are used to irradiate the 
nasopharynx and adjacent structures (posterior ethmoid cells, sohenoid sinus and 
basosphenoid, base of skull, posterior nasal cavity and maxillary antrum, and lateral 
and posterior pharyngeal wall to the lower pole of tonsil) in addition to the 
retropharyngeal, upper cervical, mastoid, and posterior cervical lymph nodes. 


The lateral fields are angled 5 degrees posteriorly to ensure adequate coverage of 
the posterior wall of the nasopharynx while avoiding direct ipsilateral irradiation to the 
external and middle ear. This posterior tilt also reduces irradiation to the contralateral 
lens (8). 

For the upper lateral treatment portal, the superior border splits the pituitary fossa and 
extends anteriorly along the sphenoidal plate. Externally, this boundary corresponds 
to a line traced from the lateral canthus of the eye to the upper portion of the helix 
(above the zygomatic arch). 

The anterior border encompasses the posterior 2 cm of the nasal cavity and maxillary 
antrum; posteriorly, the clivus is included with a 1-cm margin. 

For base of skull involvement, the superior border should be at least 1 cm above the 
pituitary fossa. 

For anterior extension, the anterior border is moved forward 2 cm to cover extension 
into the ethmoids/maxillary sinuses (and occasionally into the posterior orbit) with 
adequate margin if warranted. 

Posteriorly, the upper margin must allow for generous coverage of the mastoid and 
occipital lymph nodes (up to external occipital prominence). 

The posterior cervical lymph nodes are included in the upper lateral portals, with a 
small margin to prevent beam falloff if there are no enlarged posterior cervical nodes. 
When lymphadenopathy is present in the posterior cervical triangle, it is safer to leave 
the portals open posteriorly. The lower margin usually is placed at the thyroid notch, 
but may be modified—depending on the lower extent of the parapharyngeal tumor or 
the location of enlarged cervical lymph nodes—to avoid field abutment in the middle 
of tumor extension or a lymph node. 

After approximately 45-Gy tumor dose, the posterior border of the lateral field is 
displaced anteriorly to shield the spinal cord (dashed line, Fig. 20-3A). An additional 
22 to 27 Gy is delivered to the nasopharynx (and if there are palpable lymph nodes, 
to the upper neck) through the reduced upper lateral fields. 

If a boost is desired, such as in T4 tumors, 5 to 10 Gy is delivered to the nasopharynx 
through reduced lateral portals (Fig. 20-4). 

We prefer to use high-energy photons (18 MV) for the last 20 to 25 Gy to diminish 
dose to the mandible and temporomandibular joints (19). 

Usual daily fractionation is 1.8 to 2.0 Gy in 5 weekly fractions. 

Isodose distribution through the nasopharynx is illustrated in Figure 20-5. 

Anterior (i.e., antral) fields occasionally may be added to irradiate anterior tumor 
extension or when 4-MV ®Co photons are used to avoid excessive dose to the 
temporomandibular joints. 

For nasal cavity or paranasal sinus involvement, anterior and lateral portals with 
wedges—similar to those used for paranasal tumors—should be used. 

The eye and lacrimal gland should be shielded whenever possible. 

The lower neck and supraclavicular fossa are electively treated with a single anterior 
field to 50-Gy given dose (45 Gy at 3 cm), with 2-Gy daily fractions (Fig. 20-6). 

The posterior neck lymph node dose is supplemented with 5 to 15 Gy with 9-MeV 
electrons through small lateral fields. 

Posterior tangential portals blocking the spinal cord can be used to boost the dose to 
the posterior cervical lymph nodes with °°Co or 4- to 6-MV photons to doses of 50 to 
60 Gy. 

Because of the high likelihood of cervical metastases, most authors recommend 
electively treating all of the cervical lymphatics in NO patients. Contrary to this 
universal philosophy is a randomized study by Ho (9) showing that survival of NO 
patients having prophylactic irradiation of the cervical lymphatics was no better than 
that of NO patients not receiving this treatment. However, in 384 patients with 
Clinically negative necks, 11% (44 patients) of those receiving elective neck irradiation 
had regional failure, compared with 40% (362 of 906) of those not electively treated 
(15). These observations strongly support elective irradiation of the neck in patients 
with clinically negative neck nodes. 

Any nodes that are palpable before initiation of irradiation should be boosted with 
electron beam or posterior glancing photon fields to a total dose of 65 to 70 Gy 
(shielding spinal cord after 45 Gy) (21). 


Wang (26) has treated patients with nasopharyngeal carcinoma using an altered 
fractionation split schedule: 1.6 Gy b.i.d. for 2 weeks, 2 weeks' rest, and an additional 


1.6 Gy bid for 2 weeks, for a total dose of 64 Gy. 


View Figure 


Fig. 20-3: A: A digital 
composite radiography 
showing a left lateral 
portal encompassing a 
T2N3M0 squamous cell 
carcinoma of the 
nasopharynx 
metastasizing to level Il 
through V nodes on both 
necks. B: A sagittal view 
showing structures 
included in the irradiated 
field. The portals are 
reduced after 40-45 Gy 
to exclude spinal cord 
(dark line). Tumor boost 
portal can be designed 
based on the outlined 
gross tumor volume (Fig. 
20-4). C and D: Lower 
neck is treated with 
anterior-posterior 
parallel-opposed fields 
due to a substantial 
tumor burden in the level 
V region. 
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Fig. 20-4: Simulation film of small lateral portals used to deliver additional dose (5- to 10-Gy 
boost) to residual tumor in nasopharynx. (From Perez CA. Nasopharynx. In: Perez CA, Brady 
LW, eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott- 
Raven, 1998:897-940, with permission.) 
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Fig. 20-5: Isodose distribution through nasopharynx shows relative sparing of superficial 
structures with use of 18-MV x-ray beam for nasopharynx boost. Tumor dose of 40 to 45 Gy 
is delivered to midplane with 4- to 6-MV x-rays; nasopharynx dose is boosted to 66 to 70 Gy 
midplane with 18-MV x-rays. (From Perez CA. Nasopharynx. In: Perez CA, Brady LW, eds. 
Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 
1998:897—940, with permission.) 


View Figure 


Fig. 20-6: Coronal dose distribution for treatment with intensity-modulated radiation 
therapy (6-MV x-rays, NOMOS Peacock System; Sewickley, PA) in a patient with T3 
carcinoma of the nasopharynx with left oropharyngeal extension. 


Boost Dose to Nasopharynx 


e Reduced upper lateral fields are used to boost the nasopharynx tumor dose to a total 
of 65 Gy for T1 and T2 lesions, or to 70 to 75 Gy for T3 and T4 lesions. 

e Stereotactic irradiation occasionally has been used to treat nasopharyngeal 
carcinoma (12). 


Three-Dimensional Treatment Planning and Conformal Therapy 


e Brown etal. (2), using magnetic resonance imaging to define target volume and 
normal structures for three-dimensional treatment planning, compared the dose 
distribution of 4-MV x-rays, mixed beam (4-MV x-rays and protons), and protons 
alone. They concluded that proton beams added complexity to therapy without 
improving coverage of the neck lymph nodes; however, the dose to the spinal cord 
could be reduced by at least 20 Gy with proton therapy, as could doses to the 
brainstem, temporal lobe, and parotid gland. 


e Kutcher et al. (13) demonstrated that three-dimensional conformal plans, compared 
with standard plans, achieved good tumor dose coverage while reducing normal 
tissue dose (relative sparing of temporomandibular joints, mandible, parotid, and ear 
canals). 

e _Intensity-modulated irradiation provides excellent dose distributions, with doses up to 
75 Gy (Fig. 20-6). 


Brachytherapy 


e Brachytherapy has been used to deliver a higher dose to a limited volume of 
nasopharynx; frequently it is combined with external irradiation to treat extensive 
primary or recurrent carcinoma (27). Different types of intracavitary applicators have 
been designed, and various isotopes have been implanted. 

e Doses of 5 to 25 Gy (calculated at 0.5 to 1.0 cm) combined with external irradiation 
usually are delivered. 

e A review of brachytherapy techniques for carcinoma of the nasopharynx has been 
published (6). 


Chemotherapy 


e Neoadjuvant or adjuvant chemotherapy has been used to treat primary or recurrent 
nasopharynx cancer, with complete response rates of 10% to 20% and partial 
response rates of 40%. Significant impact on long-term survival has been reported 
(19). 

e Southwest Oncology Group conducted a phase III intergroup randomized study 
(0099) to evaluate concurrent chemoirradiation (1). Three courses of cisplatin (100 
mg per m°) were given during radiation therapy (days 1, 22, and 43), followed by 
three cycles of cisplatin (80 mg per m?) and 5-fluorouracil (1 gm per m? per day) on 
days 71, 99, and 127. Radiation therapy dose to the gross tumor was 70 Gy in 7 to 8 
weeks. The control group received 70 Gy (35 fractions) in 7 weeks. Al-Sarraf et al. (1) 
reported an interim analysis that showed significant improvement in disease-free and 
overall survival. 


Sequelae of Treatment 


e The incidence of cranial and cervical sympathetic nerve palsy is 0.3% to 6.0%, with a 
median of 1% (19). 

e Inone study, the incidence of brainstem or cervical spine myelopathy was 1%; the 
reported incidence, however, is 0.2% to 18.0%, with a median of 2% (17). Some 
complications are correlated with high dose to the spinal cord or overlap at the 
junction of lateral portals and upper neck fields. 

e Hypopituitarism causing significant clinical signs and symptoms is not commonly 
reported in most series of adults, but has been described in children. Sham et al. (24) 
concluded that shielding of the pituitary/nypothalamus is feasible in a significant 
proportion of patients, and that this technique may improve tolerance to treatment 
without compromising local tumor control. 

e Ophthalmologic side effects after tumor doses of 60 Gy include opacities in the lens 
that develop several years after irradiation, similar to radiation cataracts (5). 

e Four of 11 patients (36%) with nasopharyngeal carcinoma treated with 70 Gy 
developed retinopathy 24 to 108 months after treatment (18). 

e Reported incidence of deafness is 1% to 7%. Eight percent of patients have 
significant hearing impairment, and 3% have bilateral deafness (19). 

e Osteonecrosis of the mandible or maxilla can be kept to a minimum (1%) by avoiding 
unnecessarily high doses to these structures. Avoidance of elective dental extractions 
before irradiation, a vigorous program of oral hygiene and fluoride applications, anda 
close working relationship between radiation oncologist and dentist are equally 
important in reducing this complication. 


e Dental decay frequently occurs. Dental caries may be reduced with prophylactic 
fluoride treatment and appropriate dental care. Dental extractions or restorations 
should be performed before initiation of irradiation to allow adequate time for healing 
of the gingiva and tooth canal. If dental care is required after irradiation, coverage 
with antibiotics should be instituted 1 week before dental extractions, and trauma 
should be minimized. 

e Xerostomia (moderate to severe) occurs in approximately 75% of patients treated 
with conventional beam arrangement. Intensity-modulated radiation therapy can 
significantly reduce this complication, at 4% per Gy exponentially (3). 

e Severity and incidence of trismus (5% to 10%) can be reduced by using high-energy 
x-rays (greater than 18 MeV) or an anterior field for the nasopharynx boost. 

e Fibrosis of subcutaneous tissues of the neck can be minimized by keeping the dose 
to the neck below 50 Gy in electively irradiated areas, and by using reduced fields to 
boost gross neck disease beyond this dose. 


Retreatment of Recurrent Nasopharyngeal Carcinoma 


e In considering reirradiation of patients with recurrent nasopharynx carcinoma, one 
has to differentiate between persistent disease (lesion never completely regressed) 
and true relapse (lesion reappearing after complete tumor regression for at least 1 
year). 

e For earlier-stage recurrences resulting from either lower dose or geographic miss, 
aggressive reirradiation may lead to local tumor control and improve long-term 
survival. 

e =Reirradiation techniques include external irradiation, brachytherapy (mold), or a 
combination of both. 

e Total dose depends on the initial irradiation dose given and the volume of central 
nervous system included in the portals. 

e It is extremely important to determine the full extent of the recurrent tumor and the 
possibility of extension into the base of the skull. With base of skull involvement or 
intracranial extension, retreatment should be given primarily with external irradiation 
rather than with brachytherapy. However, the latter can be used to deliver a portion of 
the dose (20 to 50 Gy). Because of the inverse-square law, the effective volume 
treated is limited. 

e For retreatment with external beams, relatively small fields must be used. If the tumor 
does not extend outside the nasopharynx, portals of approximately 6 cm x 6 cm are 
generally adequate. If there is radiographic evidence of tumor extension at the base 
of the skull, larger fields are required (8 cm x 8 cm or 10 cm x 10 cm). 

e Use of higher-energy photon beams (greater than 15 MV) is recommended to 
decrease severe normal tissue effects. 

e Depending on initial dose, retreatment doses delivered with external irradiation range 
from 40 to 60 Gy (1.8- to 2.0-Gy daily fractions). 

e Some of these patients may survive for several years, and most experience 
substantial palliative benefit. This justifies an aggressive approach, although 
morbidity of therapy is relatively high. 


Nasopharyngeal Carcinoma in Patients Younger Than 30 Years of Age 


e Children or young adults should be treated with irradiation alone, just as adults are. 

e The irradiation volume should include the nasopharynx and adjacent tissues (as 
already outlined) and all of the cervical lymph nodes. 

e Irradiation dose should be 50 to 60 Gy (1.6- to 1.8-Gy fractions), depending on 
patient age and tumor stage. 

e For children older than 15 years of age in whom skull growth is completed, 50 Gy to 
the nasopharynx and the neck is recommended for T3 or T4 tumors, with an 
additional boost of 15 Gy to the nasopharynx and 10 Gy to residual lymph nodes 
through reduced fields. 


e Unfortunately, data reported by Jenkin et al. (10) are not adequate to judge the 
efficacy of treating the lower neck, as opposed to not irradiating it; in general, the 
lower neck was not irradiated in children who initially had no palpable neck disease, 
whereas treatment was given if low cervical lymph nodes were palpable. 
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Introduction 


e Nasal cavity and paranasal sinus cancers are twice as common in males as in 


females, and show a bimodal age distribution (10 to 20 and 50 to 60 years of age). 


Natural History 


Nasal Cavity and Paranasal Sinuses 


Most lesions are advanced, and commonly involve the nasal cavity, several adjacent 
sinuses, and often, the nasopharynx. 

There is often orbital invasion from maxillary sinus or ethmoid sinus cancers. Orbital 
invasion from nasal cavity tumors occurs later. 

The anterior cranial fossa is invaded by way of the cribriform plate and roof of the 
ethmoid sinuses. The middle cranial fossa is invaded by way of the infratemporal 
fossa, pterygoid plates, or lateral extension from the sphenoid sinus. 

Lesions involving the olfactory region tend to destroy the septum and may invade 
through the nasal bone, producing expansion of the nasal bridge and, eventually, skin 
invasion. 

Lesions of the anterolateral infrastructure of the maxillary sinus commonly extend 
through the lateral inferior wall and appear in the oral cavity, where they erode 
through the maxillary gingiva or the gingivobuccal sulcus. Tumor that extends 
posteriorly from the maxillary sinus has immediate access to the base of the skull. 
Lymph node metastases generally do not occur until the tumor has extended to areas 
that contain abundant capillary lymphatics. The submandibular and subdigastric 
lymph nodes are most commonly involved. 


Nasal Vestibule 


Lymph node spread from vestibule cancer is usually to a solitary ipsilateral 
submandibular node, although bilateral spread occasionally is seen. 

The facial, preauricular, and submental nodes are at small risk. 

Approximately 5% of patients have clinically positive lymph nodes on admission; 
lymph node metastases develop in another 15% of patients after treatment has 
controlled the primary tumor. 


Staging Systems 


e The staging system of the American Joint Committee on Cancer applies only to 
maxillary sinus tumors (2) (Table 21-1). 

e The University of Florida staging system for tumors of the nasal cavity and ethmoid 
and sphenoid sinuses is as follows (11): 


Stage |: limited to site of origin. 


Stage Il: extension to adjacent sites (e.g., orbit, nasopharynx, paranasal sinuses, skin, 
pterygomaxillary fossa). 


Stage Ill: base of skull or pterygoid plate destruction; intracranial extension. 


e The American Joint Committee on Cancer skin cancer staging system is appropriate 
for tumors of the nasal vestibule (4) (Table 21-2). 


Table 21-1: American Joint Committee TNM classification for cancer of the maxillary 
and ethmoid sinuses 


Primary tumor (T) 
TX (Primary tumor cannot be assessed 
TO (No evidence of primary tumor 


Ti (Tumor confined to the antral mucosa of the infrastructure, with no bone erosion or 
destruction 


T2  |Tumor confined to the suprastructure mucosa without bone destruction or to the 
infrastructure with destruction of medial or inferior bony walls only 


T3 |More extensive tumor invading skin of cheek, orbit, anterior ethmoid sinuses, or 
pterygoid muscle 


T4 Massive tumor with invasion of cribriform plate, posterior ethmoids, sphenoid, 
nasopharynx, pterygoid plates, or base of skull 


Maxillary sinus 

Primary tumor (T) 

TX (Primary tumor cannot be assessed 

TO (No evidence of primary tumor 

Tis |Carcinoma in situ 

T1 Tumor limited to the antral mucosa with no erosion or destruction of bone 


T2 |Tumor causing bone erosion or destruction, except for the posterior antral wall, 
including extension into the hard palate and/or the middle nasal meatus 


T3 (Tumor invades any of the following: bone of the posterior wall of maxillary sinus, 
subcutaneous tissues, skin of cheek, floor or medial wall of orbit, infratemporal fossa, 
pterygoid plates, ethmoid sinuses 


T4 Tumor invades orbital contents beyond the floor or medial wall including any of the 
following: the orbital apex, cribriform plate, base of skull, nasopharynx, sphenoid, 
frontal sinuses 


Ethmoid sinus 

Primary tumor (T) 

T1 (Tumor confined to the ethmoid with or without bone erosion 
T2 |Tumor extends into the nasal cavity 

T3 (Tumor extends to the anterior orbit, and/or maxillary sinus 


T4 Tumor with intracranial extension, orbital extension including apex, involving 
sphenoid, and/or frontal sinus and/or skin of external nose 


Regional lymph nodes (N) 
NX Regional lymph nodes cannot be assessed 


NO 
N1 
N2 


N2a 
N2b 


N2c 
N3 


No regional lymph node metastasis 
Metastasis in a single ipsilateral lymph node, 3 cm or less in greatest dimension 


Metastasis in a single ipsilateral lymph node, more than 3 cm but not more than 6 cm 
in greatest dimension, or in multiple ipsilateral lymph nodes, none more than 6 cm in 
greatest dimension, or in bilateral or contralateral lymph nodes, none more than 6 cm 
in greatest dimension 


Metastasis in a single ipsilateral lymph node more than 3 cm but not more than 6 cm 
in greatest dimension 


Metastasis in multiple ipsilateral lymph nodes, none more than 6 cm in greatest 
dimension 


Metastasis in bilateral or contralateral lymph nodes, none more than 6 cm in greatest 


dimension 


Metastasis in a lymph node more than 6 cm in greatest dimension 


From Fleming ID, Cooper JS, Henson DE, et al., eds. AJCC cancer staging manual, 5th ed. 
Philadelphia: Lippincott-Raven, 1997, with permission. 


Table 21-2: Tumor classification of skin cancer 


Primary tumor 


(T) 
TX 
TO 
Tis 
T1 

T2 
73 
T4 


Primary tumor cannot be assessed 

No primary tumor 

Preinvasive carcinoma (carcinoma in situ) 
Tumor =2 cm in its largest dimension 

Tumor >2 cm but <5 cm in its largest dimension 
Tumor >5 cm in its largest dimension 


Tumor involving other structures, such as cartilage, muscle, nerve, or 
bone 


From Fleming ID, Cooper JS, Henson DE, et al., eds. AJCC cancer staging manual, 5th ed. 
Philadelphia: Lippincott-Raven, 1997, with permission. 


Pathologic Classification 


Squamous cell carcinoma is the most common malignancy of the nasal cavity and 
paranasal sinuses. 

Approximately 10% to 15% of neoplasms in this region are minor salivary gland 
tumors. 

Malignant melanoma accounts for 10% to 15% of cancers of the nasal cavity. 
Other histologic types are lymphoma (usually histiocytic), esthesioneuroblastoma, 
sarcoma, and inverted papilloma. 

Inverted papilloma, although usually histologically benign, is associated with 
squamous Cell carcinoma in 10% to 15% of cases. 


Prognostic Factors 


Massive tumor extension to the base of the skull, nasopharynx, posterior wall or roof 
of the sphenoid sinus, or cavernous sinus significantly increases surgical morbidity 
and decreases the likelihood of obtaining clear surgical margins. 

Tumor extension through the periorbita usually requires sacrifice of the eye. 


General Management 


Nasal Vestibule 


Radiation therapy is the preferred treatment, with a 90% local tumor control rate. 

The 5-year absolute survival rate is 77% for stages | and Il and 73% for stages Ill and 
IV (7,8). 

Because excision almost always produces deformity, it can be done only if the lesion 
is very small and favorably located. 


Nasal Cavity 


Inverted papilloma without carcinoma is treated by surgery. 

Traditional intranasal excision, Caldwell-Luc procedure, and ethmoidectomy result in 
a high recurrence rate. 

Primary surgery followed by postoperative irradiation (to a lesser dose than used for 
irradiation alone) is preferred to reduce the risk of unilateral or bilateral optic nerve 
injury (11). In most cases, postoperative doses are limited to 60 Gy; 66 to 68 Gy is 
administered for positive margins. 

Frazell and Lewis (5) observed a 5-year cure rate of 56% for 68 nasal cavity cancers 
treated surgically. 

In 45 patients with nasal cavity cancers (18 treated with definitive irradiation and 27 
with surgery and irradiation), the 5-year disease-specific and overall survival rates 
were 83% and 75%, respectively (1). 

For unresectable lesions, high-dose irradiation remains the only alternative. The 
current University of Florida approach uses twice-daily treatment (1.1 to 1.2 Gy per 
fraction with a 6-hour interfraction interval to total doses of 74 to 79 Gy) in an attempt 
to reduce the risk of optic nerve injury (10). 

No clear role for chemotherapy has been defined. 


Ethmoid Sinus 


If the tumor is resectable, surgery usually is performed first. Postoperative irradiation 
is advisable, even if resection margins are negative. 

Removal requires medial maxillectomy and en bloc ethmoidectomy. If tumor extends 
superiorly to involve the fovea ethmoidalis or the cribriform plate, a combined 
craniofacial approach is required. 


Maxillary Sinus 


Most malignancies require radical maxillectomy, including the entire maxilla and 
ethmoid sinus, via a Weber-Fergusson incision. The globe and orbital floor are 
preserved for inferiorly located tumors. 

Orbital exenteration is indicated when tumor has spread through the periorbita. 

If the ethmoid roof is involved, craniofacial resection is required. 

Early infrastructure lesions often are cured by surgery alone. However, irradiation is 
given postoperatively in most cases of maxillary sinus cancer, even if the margins are 
clear. 

Massive tumor extension to the base of the skull, nasopharynx, or sphenoid sinus 
may contraindicate surgery. 

Borderline resectable lesions sometimes are treated with full-dose external-beam 
irradiation, followed by surgery (if technically feasible). 

Ninety-six patients with maxillary sinus carcinomas were treated at Washington 
University, St. Louis, MO, from 1960 to 1976; 74 (77%) had squamous cell carcinoma 
(6). After preoperative irradiation (mostly 50 to 70 Gy) and surgery, 5-year absolute 
disease-free survival rates were 60%, 45%, 38%, and 28% in patients with T1, T2, 
T3, and T4 tumors, respectively. 

It is reasonable to expect 5-year survival rates of approximately 60% to 70% for T1 
and T2 lesions and 30% to 40% for T3 and T4 lesions after resection and 


postoperative irradiation. For advanced, unresectable disease, average 5-year 
survival rates of 10% to 15% are achieved with high-dose irradiation alone. 


Sphenoid Sinus 


Neck 


Irradiation is usually the treatment, by default. 


Patients with recurrent or poorly differentiated cancers and tumors that extend to an 
area with dense capillary lymphatics (nasopharynx, oropharynx, oral cavity) have a 
higher risk of metastasis and are often given elective neck irradiation of 50 Gy over 5 
to 6 weeks, administered in 1.8- to 2.0-Gy daily fractions. 


Radiation Therapy Techniques 


In adults and older children, the floor of the maxillary sinus is usually caudal to the 
floor of the nasal cavity, especially in edentulous patients (2). The lower border of the 
irradiation portal should extend to the level of the lip commissure to ensure adequate 
inferior coverage. 

The orbits are conical. If viewed in a straight anteroposterior projection, the roof of the 
maxillary sinus (i.e., the floor of the orbit) rises above the level of the orbital rim, as 
palpated anteriorly. The lateral walls of the ethmoid sinuses are parallel in their upper 
portions; but posteriorly and inferiorly, the walls diverge laterally to form the medial 
floor of the orbit. Treatment planning that is too tight around the eye produces a 
geographic miss. 

If it is necessary to treat a portion of the orbit, the patient usually is instructed to keep 
the eyes open and to gaze straight ahead. Lateral or upward gaze often rotates more 
of the posterior pole of the eye into the high-dose field. 

The accessory lacrimal glands, which are responsible for the basal flow of tears, are 
most plentiful in the upper eyelid. Cephalad displacement of the upper lid with a 
retractor often enables sparing of some of these glands. The major lacrimal gland in 
the superolateral orbit often can be shielded. 

External-beam techniques for nasal cavity, ethmoid sinus, and maxillary sinus 
cancers are similar. Treatment emphasizes an anterior portal with one or two 
posteriorly tilted lateral portals, frequently using wedges (Fig. 21-1). Fields may be 
reduced to the initial gross disease, with a margin, after 45 to 50 Gy. 

Many ethmoid sinus tumors invade the orbit. If invasion is minimal, the major lacrimal 
gland and lateral upper eyelid are shielded on the anterior portal. The patient's head 
usually is immobilized with slight extension, so that the orbital floor parallels the angle 
of entry of the anterior portal; this allows greater sparing of the intraorbital contents. 
Advanced orbital invasion requires irradiation of the entire orbital contents (Fig. 21-2). 
An example of a two-field technique for advanced nasal cavity or ethmoid sinus 
cancer with invasion of the orbit(s) is shown in Figure 21-3. If the ethmoid sinuses are 
extensively involved but there is no clinical or radiographic evidence of orbital 
involvement, a portion of the orbit (one-half to three-fourths) is usually irradiated to 
approximately 45 Gy for possible microscopic disease extension. Portals are then 
reduced to transect the ipsilateral eye medial to the limbus. This technique usually 
prevents severe lacrimal or retinal injury, but does produce a cataract. 

During treatment, the patient is instructed to gaze straight ahead with eyes wide 
open. The lateral-gaze or upward-gaze eye positions were discontinued because they 
rotate the posterior pole of the eye and retina into the treatment portal. The anterior 
portal extends 1.5 to 2.0 cm across the midline to encompass the entire nasal cavity 
and ethmoid-sphenoid complex and medial contralateral orbit. The superior margin 
encompasses the cribriform plate and includes all or part of the frontal sinus. The 
inferior margin (usually the lip commissure) includes the floor of the nose, maxillary 
antrum, and alveolar ridge; the mandible and tongue are displaced out of the 
treatment portal by a tongue blade and cork (3). 


e The anterior portal for maxillary sinus cancers resembles that used for nasal cavity 
and ethmoid sinus lesions. The inferior border must be shaped to cover the lowest 
extent of disease. Tumor tracking down the buccal mucosa from the gingivobuccal 
sulcus, or tumor in the low parapharyngeal or tonsillar regions, must be recognized. 
the temporal fossa is grossly invaded, the lateral border of the anterior portal is 
usually allowed to fall off for all or part of the treatment. 

e The lateral portals for nasal cavity, ethmoid, and maxillary sinus lesions are all 
similar. The anterior border of the lateral portals is at the lateral bony canthus, which 
means that a portion of the posterior pole of the ipsilateral eyeball is included in the 
lateral fields; the contralateral globe is missed because of the posterior angulation of 
the lateral portals. The superior border of the lateral field is adjusted according to the 
extent of disease. It is usually 1 cm above the roof of the ethmoid sinuses, but it may 
be raised 2 to 3 cm to cover known or suspected intracranial extension. The inferior 
border is usually at the level of the lip commissure to generously cover the floor of the 
antrum, which lies below the floor of the nasal cavity. A cork and tongue blade 
depress the tongue out of the field. The posterior border and the posterosuperior 
borders are shaped to exclude the spinal cord and brainstem, respectively. Usually, 
the posterior border is at or near the tragus and bisects the vertebral bodies. The 
posterosuperior border is usually drawn 2 to 3 mm posterior to the clivus. 

e If the spinal cord and brainstem are encompassed by the lateral portal(s) for the initial 
50 Gy, the total dose to these structures will exceed 50 Gy at the completion of a 
typical course of irradiation (e.g., 60 to 70 Gy) because it is not possible to shield the 
spinal cord and brainstem from the reduced anterior field after 50 Gy. The brainstem 
and spinal cord are encompassed in the lateral portals only in the rare circumstance 
of tumor extension posterior to the plane of the cord. The patient must be advised of 
the increased risk of neurologic sequelae. 

e Radiation therapy to the nasal vestibule may be delivered by external-beam therapy 
(Figs. 21-4 and 21-5), interstitial therapy, or a combination of the two techniques. 


=> 


6730 rad 


70 rad 
aon 3370 rad 


5° 
posterior posterior 
tit tit 


Fig. 21-1: Treatment plan was 70-Gy minimum (77-Gy maximum) tumor dose over 7 weeks. Given 
doses were weighted 2:1 in favor of the anterior portal. Right and left upper neck and midneck 
received 40.5 Gy over 3 weeks through an anterior portal with midline shielding. (From Parsons JT, 
Mendenhall WM, Stringer SP, et al. Nasal cavity and paranasal sinuses. In: Perez CA, Brady LW, 
eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:941— 
959, with permission.) 


Fig. 21-2: Portals used to treat patients with tumors of nasal cavity and paranasal sinuses. A: In patients 
with extensive orbital invasion (palpable orbital mass, proptosis, or blindness), all orbital contents are 
irradiated. B: In patients with limited orbital invasion, the major lacrimal gland is shielded. This portal is 
primarily used for limited lesions of the nasal cavity or as a reduced field for a primary ethmoid sinus 
lesion. C: Typical lateral portal for treatment of paranasal sinus and nasal cavity tumors. Field is angled 5 
degrees posteriorly to avoid exit irradiation to the contralateral eye. (From Parsons JT, Mendenhall WM, 
Bova Fu, et al. Head and neck cancer. In: Levitt SH, Khan FM, Potish RA, eds. Levitt and Tapley's 
technological basis of radiation therapy: practical clinical applications, 2nd ed. Philadelphia: Lea & 
Febiger, 1992:203-231, with permission.) 
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Fig. 21-3: Isodose distribution for carcinoma of ethmoid sinus with orbital invasion. Lateral portal is 
angled 5 degrees posteriorly. (From Million RR, Cassisi NJ, Clark JR. Cancer of the head and neck. 
In: DeVita VT Jr, Hellman S, Rosenberg SA, eds. Cancer: principles and practice of oncology, 3rd 
ed. Philadelphia: JB Lippincott Co, 1989:488—590, with permission.) 


View Figure 


Fig. 21-4: Treatment plan for external-beam irradiation of nasal vestibule carcinoma. (From Million 
RR, Cassisi NJ, Wittes RE. Cancer of the head and neck. In: DeVita VT Jr, Hellman S, Rosenberg 
SA, eds. Cancer: principles and practice of oncology, 3rd ed. Philadelphia: JB Lippincott Co, 
1989:407—506, with permission.) 


View Figure 


Fig. 21-5: Isodose distribution for treatment of squamous cell carcinoma of right lateral wall of nasal 
vestibule. Stiopled area represents beeswax bolus or compensator. (Modified from Million RR, 
Cassisi NJ, Hamlin DJ. Nasal vestibule, nasal cavity, and paranasal sinuses. In: Million RR, Cassisi 
NJ, eds. Management of head and neck cancer: a multidisciplinary approach. Philadelphia: JB 
Lippincott Co, 1984:407—444, with permission.) 
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Major Salivary Glands 


Anatomy 


e The salivary glands consist of three large, paired major glands (parotid, 
submandibular, and sublingual) and many smaller, minor glands located throughout 
the upper aerodigestive tract (Fig. 22-1). 
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Fig. 22-1: Anatomy of salivary glands. LN, lingual nerve. (From Simpson JR, Lee HK. Salivary 
glands. In: Perez CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. 
Philadelphia: Lippincott-Raven, 1998:961—980, with permission.) 


Parotid Gland 


e The parotid, the largest of the three salivary glands, is located superficial to and partly 
behind the ramus of the mandible, and covers the masseter muscle. 

e Superficially, the parotid overlaps the posterior part of the muscle and largely fills the 
space between the ramus of the mandible and the anterior border of the 
sternocleidomastoid muscle. 

e The facial nerve enters the deep surface of the gland as a single trunk, passing 
posterolaterally to the styloid process. Removal of all or part of the parotid gland 
demands meticulous dissection if the nerve is to be spared. 

e Lymphatics drain laterally on the face, including parts of the eyelids, diagonally 
downward and posteriorly toward the parotid gland, as do the lymphatics from the 
frontal region of the scalp. 


Submandibular Gland 


e The submandibular gland largely fills the triangle between the two bellies of the 
digastric and the lower border of the mandible, and extends upward deeply to the 
mandible. 

e It lies partly on the lower surface of the mylohyoid and partly behind the muscle 
against the lateral surface of the muscle of the tongue, the hypoglossus. 

e Bimanual palpation with one finger in the floor of the mouth and one under the edge 
of the mandible facilitates clinical detection of masses in this gland. 

e =A fairly rich lymphatic capillary network lies in the interstitial spaces of the gland, and 
drains to submandibular or subdigastric nodes. 


Sublingual Gland 


e The sublingual gland, which is the smallest of the three major salivary glands (as well 
as many minor salivary glands), lies between the mucous membrane of the floor of 
the mouth above, the mylohyoid muscle below, the mandible laterally, and the 
genioglossus muscles of the tongue medially. 

e This is a rare site for malignant neoplasms, which often are combined with minor 
salivary gland tumors originating in the floor of mouth. 

e The sublingual gland drains either to the submandibular lymph nodes or, more 
posteriorly, into the deep internal jugular chain. 


Natural History 


e Up to 33% of tumors that arise in the submandibular gland invade the lower jaw. 

e As many as 25% of patients with malignant parotid tumors present with lymph node 
metastases. 

e High-grade tumors, regardless of histologic type, have a high (49%) risk of occult 
lymph node metastasis, compared with only a 7% risk for intermediate- or low-grade 
tumors (1). 

e Patients with epidermoid cancer have a particularly high risk of occult metastases, 
although metastatic squamous cell cancer of the skin must be excluded as a potential 
primary source. 

e Lymph node involvement at presentation is common (44%) with submandibular gland 
malignancies (1). 


Clinical Presentation 


e Patients most often have a painless, rapidly enlarging mass, which often is present 
for years before a sudden change in its indolent growth pattern prompts the patient to 
seek medical attention. 

e Although as many as 25% of patients with parotid cancers have facial nerve 
involvement, only 10% complain of pain. 


Diagnostic Workup 


e The diagnostic workup of major salivary gland tumors includes a careful history and 
physical examination, with particular attention to signs of local fixation or regional 
adenopathy. 

e Computed tomography is useful in evaluating the extent of lesions involving the 
parotid gland, especially the deep lobe. 

e Magnetic resonance imaging provides excellent anatomic detail. 

e Because of the heterogeneity of malignant salivary gland tumors, an open biopsy 
technique is used if a malignant diagnosis is anticipated; definitive surgery is 
performed if the diagnosis is confirmed. 


Staging System 


e The American Joint Committee staging system for major (parotid, submandibular, and 
sublingual) salivary gland sites is based on size, extension, and nodal involvement (6) 
(Table 22-1). 


Pathologic Classification 


e Most parotid masses are benign. Only 21% of 231 parotid masses seen at 
Washington University, St. Louis, MO, were malignant (2). 

e Among atomic bomb survivors of Hiroshima, the relative risk for malignant parotid 
tumors in those exposed was 9.8, compared to the nonexposed population; the 
relative risk for minor salivary gland tumors among those exposed was 12.3 (p <.005) 
(17). 

e The most common malignant subtype of parotid tumors in children is the 
mucoepidermoid tumor, accounting for almost 50% of cases (3). Fifty-seven percent 
of parotid gland tumors in children are malignant, compared with only 15% to 25% in 
adults (3). A predominance of this cell type also occurs in adult parotid cancer (16). 

e Acinic cell carcinoma usually occurs only in the parotid gland (4). 

e Inthe submaxillary gland and in minor salivary glands, adenoid cystic carcinoma is 
the most common cancer. 


Prognostic Factors 


e Survival is influenced most by tumor grade, postsurgical residual disease, tumor size, 
facial nerve invasion, and presence of positive cervical nodes. 


General Management 


e General management in most patients includes surgical excision followed by radiation 
therapy. 

e Low-grade tumors of the parotid usually are treated with a superficial parotidectomy, 
unless the lesion begins in the deep lobe. 

e Aneck dissection is not electively done for low-grade tumors. 

e Surgical treatment does includes neck dissection in patients with clinically positive 
nodes or high-grade, high-stage disease. 

e If the facial nerve is not involved by tumor, a nerve-sparing operation generally is 
done. If the facial nerve is involved, reconstruction of the facial nerve trunk by a cable 
or sural nerve graft decreases the incidence of postoperative facial palsy. 

e Adjuvant chemotherapy is not efficacious. 

e Postoperative irradiation is indicated for microscopic or macroscopic residual disease, 
recurrent cancer, and high-grade and advanced-stage malignancies. 

e The efficacy of radiation therapy for residual disease after surgery was illustrated in a 
subset analysis of 35 patients who had microscopic tumor at or close to margins after 
curative surgery. Only 3 of 22 patients (14%) who received postoperative irradiation 
had recurrences, whereas 7 of 13 unirradiated patients (54%) had recurrences (p 
<.05) (7). 

e A local control rate of 87% was reported for parotid cancers treated with 
postoperative irradiation (11). 

e Radiation therapy is indicated for inoperable and unresectable cancers. 

e Neutron therapy has been advocated for advanced and recurrent neoplasms, 
particularly of the parotid gland. Local control rates of 67% for major and 50% for 
minor salivary gland tumors have been achieved (13). 

e Review of world literature found a locoregional control rate of 67% for fast neutrons 
but only 25% for photons or electrons in the treatment of inoperable, unresectable, or 
recurrent disease (8). 


Radiation Therapy Techniques 


Parotid Gland 


e One of two basic radiation therapy approaches is used, depending on available 
equipment. 

e One approach uses unilateral anterior and posterior wedged-pair fields, using 4- to 6- 
MV photons (Fig. 22-2). 

e With the wedged-pair technique, a slight inferior angulation of the beams avoids an 
exit dose through the contralateral eye (Fig. 22-2). 

e The more common technique uses homolateral fields with 12- to 16-MeV electrons, 
either alone or in combination with photons. Usually, 80% of the dose is delivered 
with electrons and 20% with °°Co or 4- to 6-MV photons; this spares the opposite 
salivary gland, reduces mucositis, and decreases the skin reaction produced by 
electrons (Fig. 22-3). 

e Inthe postsurgical patient with minimal residual disease, 55 to 60 Gy at 5-cm depth is 
given in daily fractions of 2 Gy. The primary treatment volume includes the ipsilateral 
subdigastric nodal areas, because the inferior pole of the parotid lies in this region. 

e The entire surgical bed (with a 2-cm margin) should be included in the irradiated 
volume, with a bolus over the scar. 

e |In tumors with a propensity for perineural invasion (adenoid cystic carcinoma), it is 
important to cover the cranial nerve pathways from the parotid up to the base of the 
skull. 

e Elective irradiation of the neck should be considered for tumors that have been 
incompletely excised and for any high-grade lesions, even after complete local 
excision. The exception to this is the adenoid cystic cell type, which has only a 5% to 
10% frequency of occult nodal metastasis. 

e A50-Gy tumor dose at a depth of 3 cm delivered over 5 weeks is usually adequate 
for elective neck irradiation. Electron beam (9 to 12 MeV) and tangential photon fields 
are effective techniques for sparing the underlying spinal cord (from doses greater 
than 45 Gy) in elective neck irradiation. 


View Figure 


Fig. 22-2: Unilateral wedge arrangement for parotid treatment and isodose distribution using 
wedged-pair oblique portals. (From Simpson JR, Lee HK. Salivary glands. In: Perez CA, Brady LW, 
eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:961— 
980, with permission.) 


View Figure 


Fig. 22-3: Ipsilateral 16-MeV electrons plus °°Co (4:1) electron beam field for postoperative 
treatment of parotid and neck. (From Simpson JR, Lee HK. Salivary glands. In: Perez CA, Brady LW, 
eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:961— 


980, with permission.) 


Submandibular Gland 


e The entire ipsilateral neck and submandibular area should be irradiated (Fig. 22-4), 
following the indications outlined for parotid tumors; technical considerations are 


similar. 


Spinal Cord 


View Figure 


Fig. 22-4: Unilateral electron beam technique for submandibular gland and ipsilateral neck 
treatment. (From Simpson JR, Lee HK. Salivary glands. In: Perez CA, Brady LW, eds. Principles and 


practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:961—980, with 
permission.) 


Pleomorphic Adenoma 


The pleomorphic adenoma (benign mixed tumor) is histologically benign, and 
accounts for 65% to 75% of all parotid epithelial tumors. 

Standard therapy has been conservative (superficial) parotidectomy, with recurrence 
rates ranging up to 22% (14). 

Indications for postoperative irradiation may include the following: 


Involvement of the deep lobe of the parotid, which would require sacrificing the facial 
nerve. 

Histologically proven recurrences, with deeper infiltration in successive presentations. 
Large (greater than 5 cm) lesions, which may not allow complete surgical excision 
with adequate margins. 

Microscopically positive margins after surgical resection. 

Malignant transformation within a predominantly benign tumor. 


Doses of 50 to 60 Gy in 5 to 6 weeks at a depth of 4 to 5 cm usually control the 
tumor. 
The cumulative risk of recurrence after surgery and irradiation is 8% at 20 years (5). 


Sequelae of Treatment 


The most notable complication of treatment of parotid malignancies is facial nerve 
paralysis, which often is caused by the initial (or a repeated) surgical procedure. 
Other postoperative sequelae, such as salivary fistulas and neuromas of the greater 
auricular nerve, are sometimes seen. 

Partial xerostomia after irradiation is frequently observed and may be permanent. 


Table 22-1: American Joint Committee staging system for salivary gland cancer 
(parotid, submandibular, and sublingual) 


Primary tumor (T) 


TX 
TO 
T1 

T2 


T3 


T4 


Primary tumor cannot be assessed 
No evidence of primary tumor 
Tumor £2 cm in greatest dimension without extraparenchymal extension 


Tumor >2 cm but not >4 cm in greatest dimension without extraparenchymal 
extension 


Tumor having extraparenchymal extension without seventh nerve involvement 
and/or >4 cm but not >6 cm in greatest dimension 


Tumor invades base of skull, seventh nerve, and/or exceeds 6 cm in greatest 
dimension 


Regional lymph nodes (N) 


NX 
NO 
N1 

N2 


Regional lymph nodes cannot be assessed 
No regional lymph node metastasis 
Metastasis in a single ipsilateral lymph node, <3 cm in greatest dimension 


Metastasis in a single ipsilateral lymph node, >3 cm but not >6 cm in greatest 
dimension, or in multiple ipsilateral lymph nodes, none >6 cm in greatest dimension, 
or in bilateral or contralateral lymph nodes, none >6 cm in greatest dimension 


Metastasis in a sinale insilateral Ivmnh node 53 cm but not >6 cm in areatest 


N2a (dimension 
Metastasis in multiple ipsilateral lymph nodes, none >6 cm in greatest dimension 
N2b 
Metastasis in bilateral or contralateral lymph nodes, none >6 cm in greatest 
N2c _ |dimension 
N3 Metastasis in a lymph node, >6 cm in greatest dimension 
Distant metastases (M) 
MX Presence of distant metastasis cannot be assessed 
MO No distant metastasis 
M1 Distant metastasis 
Stage grouping 
Stage T1 NO MO 
| 
T2 NO MO 
Stage T3 NO MO 
II 
Stage T1 N1 MO 
III 
T2 N1 MO 
Stage T4 NO MO 
IV 
T3 N1 MO 
T4 N1 MO 
Any T N2 or N3 MO 
Any T Any N M1 


From Fleming ID, Cooper JS, Henson DE, et al., eds. AJCC cancer staging manual, 5th ed. 
Philadelphia: Lippincott-Raven, 1997:53—55, with permission. 


Minor Salivary Glands 
Anatomy 


e Minor salivary glands are widely distributed in the upper aerodigestive tract, palate, 
buccal mucosa, base of tongue, pharynx, trachea, cheek, lip, gingiva, floor of mouth, 
tonsil, paranasal sinuses, nasal cavity, and nasopharynx. 

e Tumors in these sites account for approximately 23% of all salivary gland neoplasms; 
88% of them are malignant (10). 

e Adenoid cystic carcinoma is the most common malignant cell type, and the palate is 
the most common single site, followed by the paranasal sinuses, tongue, and nasal 
cavity. 


Natural History 


e Adenoid cystic carcinoma patients have the lowest frequency of cervical node 
metastases—approximately 7.5% at diagnosis—although it appears later in another 
5% to 6% (9). 


e Patients with malignant mixed tumors have cervical node metastases in 38% of 
cases, mucoepidermoid carcinoma in 30%, and adenocarcinomas in approximately 
27% (14). 


Staging System 


e A formal staging system has not been developed for minor gland tumors, but 
significant local extension or lymph node metastases confer a poor prognosis. 


General Management 


e Treatment of minor salivary gland tumors varies with tumor location, but generally first 
involves an attempt at adequate surgical excision. 

e Irradiation has been used in surgically inaccessible sites, and has also been 
combined with surgery in cases of locally aggressive tumors and incomplete 
resection. 

e Surgery alone may be adequate to treat early-stage hard-palate lesions without 
evidence of positive margins, perineural spread, or bone invasion, especially in young 
patients. 

e Although surgery generally is given first consideration, irradiation alone may be used 
as an alternative for early lesions in which surgery would cause significant functional 
or cosmetic morbidity. 


Radiation Therapy Techniques 


e The radiation therapy technique for treating minor salivary gland tumors depends on 
the area involved and is similar to the treatment for squamous cell carcinoma in these 
areas, with two significant exceptions. 

e For adenoid cystic carcinomas, which have a high propensity for perineural invasion 
and local spread for considerable distances, coverage of major nerve trunks to the 
base of the skull is emphasized, especially for palate lesions (Fig. 22-5). 

e Because the incidence of lymph node metastases is generally lower than that for 
squamous cell carcinoma of similar size, the irradiation fields are rarely extended to 
cover these areas if there are no palpable lymph node metastases. 

e For patients receiving postoperative irradiation after surgical resection, 60 Gy is given 
for negative margins and 66 Gy for microscopically positive margins. 

e For gross residual disease after surgery or for lesions treated with irradiation alone, a 
total dose of 70 Gy is given in 2-Gy fractions. 

e Animproved control rate with postoperative irradiation has been demonstrated, 
particularly for high-grade adenoid cystic carcinoma and adenocarcinoma (15). Local 
tumor control rates with combined-modality therapy for these tumors approach 80% 
at 5 years (12). 


ANTERIOR 


POSTERIOR 
View Figure 


Fig. 22-5: Portals and isodose plan for treatment of adenoid cystic cancer of the hard palate. (From 
Simpson JR, Lee HK. Salivary glands. In: Perez CA, Brady LW, eds. Principles and practice of 
radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:961—980, with permission.) 
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Anatomy 


e The oral cavity consists of the upper and lower lips, gingivobuccal sulcus, buccal 
mucosa, upper and lower gingiva (including alveolar ridge), hard palate, floor of 
mouth, and the anterior two-thirds of the mobile tongue. 

e The lips are composed of orbicularis muscle, which is covered by skin and mucous 
membrane on the inner surface. The transitional area between the two is the 
vermilion border. Blood is supplied through the labial artery, a branch of the facial 
artery. The motor nerve branches emerge from the facial nerve. The infraorbital 
branch of the maxillary nerve serves as the sensory nerve to the upper lip, whereas 
the lower lip is served by branches of the mental nerve, which originates in the 
inferior alveolar nerve. The commissure is partially innervated by the buccal branch of 
the mandibular nerve. 

e The upper gingiva is formed by the alveolar ridge of the maxilla, which is covered by 
mucosa and the teeth; it continues medially with the hard palate. The lower gingiva 
covers the mandible from the gingivobuccal sulcus to the mucosa of the floor of the 
mouth. It continues posteriorly with the retromolar trigone and above with the 
maxillary tuberosity. There are no minor salivary glands in the mucous membrane 
over the alveolar ridges (9). 

e The buccal mucosa is made up of the mucous membrane that covers the internal 
surface of the lips and cheeks (buccinator muscle), extending from the line of 
attachment of the upper and lower alveolar ridges to the point of contact of the lips 
(posteriorly) and the orbicularis (anteriorly). The masseter muscle lies posterior and 
lateral to the buccinator muscle. The blood supply comes from the facial artery. 
Sensory fibers are supplied by the buccal nerve, which is a branch of the mandibular 
nerve. The motor nerve to the buccinator muscle is derived from the facial nerve. 

e The floor of the mouth is bounded by the lower gingiva anteriorly and laterally, and 
extends to the insertion of the anterior tonsillar pillar into the tongue posteriorly. It is 
divided into halves by the lingual frenulum and is covered by a mucous membrane 
with stratified squamous epithelium. The sublingual glands lie below the mucous 
membrane and are separated by the midline genioglossus and geniohyoid muscles. 
The genial tubercles are bony protuberances occurring at the point of insertion of 
these two muscle groups on the symphysis (9). Muscles include the mylohyoid and 
digastric muscles. The submaxillary glands are located on the external surface of the 
mylohyoid muscle, between its insertion to the mandible. The submaxillary duct 
(Wharton's duct) is approximately 5 cm long and courses between the sublingual 
gland and genioglossus muscle; its orifice is in the anterior floor of the mouth, near 
the midline. The sensory nerve is the lingual nerve, a branch of the submaxillary 
nerve. The arterial supply is the lingual artery, a branch of the external carotid artery. 

e The tongue is a muscular organ composed of the styloglossus, hyoglossus, and hyoid 
muscles (Fig. 23-1). It is covered by a mucous membrane with stratified squamous 
epithelium. The circumvallate papillae, situated posteriorly with a V-shaped 
configuration, separate the base of the tongue from the mobile tongue. The oral 
tongue consists of the tip, dorsum, lateral borders, and undersurface. The blood 
supply is the lingual artery, a branch of the external carotid artery (10). The sensory 


nerve is the lingual nerve, a branch of the maxillary nerve; the hypoglossal nerve is 
the motor nerve. The taste buds are innervated by the chorda tympani branch of the 
sensory root of the facial nerve. 
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Fig. 23-1: Musculature of tongue and floor of oral cavity. (Redrawn from Sobotta atlas der anatomie 
des menschen, 20th ed. Munchen: Urban & Schwarzenberg, 1993, with permission.) 


Lymphatics 


e Lymphatics of the upper lip drain mostly to the submandibular lymph nodes; although 
the periauricular and parotid lymph nodes also occasionally receive lymphatic 
channels from the upper lip. Lower lip lymphatics drain to the submandibular and, 
posteriorly, the subdigastric lymph nodes. Lymphatics of the lower gingiva drain to the 
submandibular and subdigastric lymph nodes. 

e The first echelon of lymph node drainage of the floor of the mouth is to the 
submandibular and subdigastric lymph nodes. 

e Primary lymphatic drainage in the oral tongue is to the subdigastric and 
submandibular lymph nodes. Rouviere (11) described the lymphatic trunks that 
bypass this primary lymphatic drainage and go directly to the midjugular lymph 
nodes, which probably accounts for the relative frequency of metastatic lymph nodes 
in these locations (Fig. 23-2). 

e Lymphatic drainage of the buccal mucosa is primarily to the submandibular and 
subdigastric lymph nodes. 

e Except for lesions arising from the tip of the tongue or extending across the midline, 
metastatic disease usually occurs in the ipsilateral cervical lymph nodes (7). 

e Lymph node involvement in lesions of the lip is relatively rare, although 5% to 10% of 
patients with clinically negative necks later develop lymph node metastases (8). 

e The incidence of lymph node metastases of the upper gingiva is 15% to 20% on 
admission. There is approximately the same incidence of later development of clinical 
cervical lymph node metastases in initially clinically negative necks (7). 

e Approximately 30% to 65% of patients with cancer of the oral tongue and floor of the 
mouth have positive neck nodes on presentation. Of patients with clinically negative 
nodes, approximately 40% have pathologically positive nodes. Of all patients with 
negative nodes at presentation, the incidence of eventual development of a nodal 
metastasis without treatment is approximately 20% to 35%. Submental lymph nodes 
are involved in fewer than 5% of patients (7). 

e The incidence of bilateral lymph node involvement is relatively high for floor of mouth 
cancers because many lesions are near or cross the midline (Fig. 23-3). 

e Five to 10% of oral tongue cancers have bilateral lymph node metastases. 


e For cancers of the buccal mucosa, the incidence of positive cervical lymph nodes on 
admission is 10% to 30%. 
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Fig. 23-2: Lymphatics of tongue. A, artery; M, muscle; nde, node; V, vein. (Modified from Rouviere 
H. Anatomy of the human lymphatic system. Ann Arbor, MI: Edwards Bros, 1938, with permission.) 
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Fig. 23-3: Incidence of metastatic lymph nodes in patients with carcinoma of floor of the mouth or 
anterior two-thirds of the tongue. (From Lindberg R. Distribution of cervical lymph node metastases 


from squamous Cell carcinoma of the upper respiratory and digestive tracts. Cancer 1972;29:1446— 
1448, with permission.) 


Staging System 
e The staging system for oral cavity lesions is shown in Table 23-1. 


Table 23-1: American Joint Committee on Cancer staging system for oral cavity | 
carcinomas 


Primary tumor (T) | 


TX 
TO 
Tis 
T1 
T2 
T3 
T4 (lip) 


T4 (oral 
cavity) 


Primary tumor cannot be assessed 

No evidence of primary tumor 

Carcinoma in situ 

Tumor =2 cm in greatest dimension 

Tumor >2 cm but not >4 cm in greatest dimension 
Tumor >4 cm in greatest dimension 


Tumor invades adjacent structures (e.g., through cortical bone, inferior alveolar 
nerve, floor of mouth, skin of face) 


Tumor invades adjacent structures [e.g., through cortical bone, into deep 
(extrinsic) muscle of tongue, maxillary sinus, skin] (Superficial erosion alone of 
bone/tooth socket by gingival primary is not sufficient to classify as T4) 


Regional lymph nodes (N) 


NX 
NO 
N1 

N2 


N2a 


N2b 
N2c 


N3 


Regional lymph nodes cannot be assessed 
No regional lymph node metastasis 
Metastasis in a single ipsilateral lymph node, =3 cm in greatest dimension 


Metastasis in a single ipsilateral lymph node, >3 cm but not >6 cm in greatest 
dimension; or in multiple ipsilateral lymph nodes, none >6 cm in greatest 
dimension; or in bilateral or contralateral lymph nodes, none >6 cm in greatest 
dimension 


Metastasis in a single ipsilateral lymph node >3 cm but not >6 cm in greatest 
dimension 


Metastasis in multiple ipsilateral lymph nodes, none >6 cm in greatest dimension 


Metastasis in bilateral or contralateral lymph nodes, none >6 cm in greatest 
dimension 


Metastasis in a lymph node >6 cm in greatest dimension 


Distant metastases (M) 


MX 
MO 
M1 


Presence of distant metastasis cannot be assessed 


No distant metastasis 


Distant metastasis 


From Fleming ID, Cooper JS, Henson DE, et al., eds. AJCC cancer staging manual, 5th ed. 
Philadelphia: Lippincott-Raven, 1997:24—30, with permission. 


General Management 


A variety of therapeutic measures is available for managing localized carcinomas of 
the oral cavity, including surgery, radiation therapy, laser excision, and combinations 
of these methods. 


Surgical Excision 


Oral Tongue 


Excisional biopsy usually is inadequate for carcinoma of the oral tongue, even with 
small lesions. 

Wide local excision is the treatment of choice for well-circumscribed lesions that can 
be excised transorally with at least 1-cm margin. 

Wide local excision of lesions of the posterior part of the mobile tongue is difficult and, 
without reconstruction, can result in serious functional deficits in swallowing and 
speech. External irradiation combined with interstitial implant may be used for these 
patients. 

The extent of surgery for larger lesions is usually hemi- or total glossectomy. 
Postoperative irradiation is recommended for larger lesions, close or positive 
margins, and perineural invasion. It is also recommended for patients with initially 
positive surgical margins who later have negative surgical margins on reexcision (12). 


Floor of Mouth 


In floor of mouth lesions that are tethered or fixed to the mandible, resection of the 
inner table is often recommended; this results in reasonable speech and swallowing. 
Postoperative irradiation is usually recommended because of associated negative 
prognostic factors. 

For advanced lesions due to bone invasion, wide local excision of tumor along with 
segmental resection of the mandible is often followed by reconstruction of the floor of 
the mouth and mandible. 

For very advanced disease involving the floor of the mouth, tongue, and mandible, 
and for massive neck disease, the chance of cure with any aggressive treatment is 
low and is often associated with formidable complications. In these cases, a course of 
irradiation should strongly be considered. 


Management of Neck Nodes 


In patients with small lesions (thickness of less than 2 mm) resected with adequate 
margins and no poor prognostic factors, no further treatment other than observation is 
necessary if the neck is clinically and radiographically negative. 

In patients with resected primary lesions of the oral tongue or floor of mouth that are 
over 2- to 3-mm thick, or with poor prognostic factors such as perineural or 
perilymphatic invasion, the neck needs to be treated. 

Any form of bilateral neck dissection has worse cosmetic results than a moderate 
dose of irradiation (45 to 50 Gy). 

If neck dissection reveals only one positive node with no extracapsular extension, we 
usually do not recommend radiation therapy to the neck (4). If neck dissection shows 
more than one node, and especially, metastases at more than one nodal station or 
extracapsular extension of a single or multiple nodes, a course of postoperative 
irradiation to the neck is indicated. 

In patients with clinically or radiographically positive neck nodes (by computed 
tomography scan with contrast), treatment of choice for the neck is ipsilateral neck 
dissection followed by bilateral postoperative neck irradiation. 

Contralateral prophylactic neck dissection is a serious disservice to the patient (4). 


Radiation Therapy Techniques 


Optimal oral hygiene and pretreatment dental care are of utmost importance in 
patients in whom radiation therapy is contemplated. All patients at our institution are 
seen regularly by a dentist or oral surgeon for dental evaluation and fluoride 
treatment. 

Any potential surgical procedures and tooth extractions should be carried out before 
initiation of irradiation. Most patients will have significant dental problems that require 
total teeth extraction. Approximately 8 to 10 days lapse-time is needed for complete 
recovery before initiation of radiation therapy. 

After a course of irradiation, caution in tooth extraction or in any surgical procedure 
involving the gums is a lifelong commitment. Awareness of this issue by radiation 
oncologists, dentists, and especially, patients is an important factor in reducing 
potential complications of radiation therapy. 


External Irradiation 


e The most commonly used technique for carcinoma of the mobile tongue is opposed 
lateral portals, including the upper necks. 

e The tongue is depressed away from the palate with an individually constructed 
tongue "bite block" (Fig. 23-4). At some institutions, a cork and tongue blade is used. 
The former is preferred because the latter has the possibility of pushing the tongue 
backward instead of downward, leaving a portion of the dorsal tongue out of the field. 

e The portal includes the submandibular and subdigastric lymph nodes. The submental 
nodes also are included in the volume of irradiation; their coverage is especially 
important when the lesion is located at the tip of the tongue, anterior floor of the 
mouth, or lower lip. 

e The upper border is shaped to give at least a 2-cm margin above the dorsum of the 
tongue and to spare the hard palate and parotid glands. 

e The posterior border is designed to be approximately 2 cm behind the 
sternocleidomastoid muscle. The inferior part of the field usually lies at the thyroid 
notch. 

e For patients with cervical nodal metastases, treatment of level 4 or 5 nodal stations 
may be indicated, depending on degree of nodal involvement. 

e If the posterior chain requires irradiation, portals are reduced to spare the spinal cord 
at 45 Gy. For lower neck (level 4) irradiation, these nodes are treated through an 
anterior portal with a larynx shield (Fig. 23-5). 

e The radiation dose depends on the number of clonogenic cells (tumor burden). With 
conventional fractionation, 55 to 60 Gy in 5 to 6 weeks is adequate for microscopic 
disease; 65 to 70 Gy in 6.5 to 7.0 weeks is recommended for small T1 and T2 
tumors. Larger T3 and T4 tumors require higher doses, if treated by irradiation alone. 

e The postoperative dose is usually 60 Gy at 1.8 to 2.0 Gy per day. 

e For close or positive margins or extracapsular extension in any of the cervical nodal 
stations, an additional 6 Gy is delivered with reduced fields. 

e Every attempt should be made to avoid an excessive dose of radiation to the 
mandible. 


View Figure 


Fig. 23-4: Example of portal for carcinoma of oral tongue (NO neck). Irradiation volume 
encompasses submental, submandibular, and subdigastric nodes. Larynx is excluded from 
irradiation volume. A specially designed "bite block" is mandatory to depress the tongue downward, 
which will ensure sparing of upper portion of oral cavity (palate) from any radiation. The anterior 
submental skin and subcutaneous tissues are shielded, when possible, to reduce submental edema 
and late fibrosis. (From Emami B. Oral cavity. In: Perez CA, Brady LW, eds. Principles and practice 
of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:981—1002, with permission.) 


Fig. 23-5: A: A digital composite radiography showing a left lateral portal encompassing a T4 oral 
tongue carcinoma extending into the base of tongue, tonsil, and level II lymph nodes on the left, and 
causing trismus. The anterior margin was tight in order to spare sensitive lips. B: A sagittal view 
shows structures included within the irradiated field. The portals are reduced after 40 to 45 Gy to 
exclude spinal cord (dark line). The tumor boost portal can be designed based on the outlined gross 
tumor volume. C: Anterior lower neck portal. D: An axial view through the central region of the tumor 
shows the extension of disease. 


Interstitial Irradiation 


e Volume implants are used to cover the tumor volume with at least 0.5- to 1.0-cm 
margin. 

e The most commonly used technique is percutaneous afterloading technique with 
angiocatheters and iridium 192 (14). 

e Most implants are done with a classic low-dose rate, which delivers approximately 4.5 
to 5.0 Gy an hour to the target volume. 

e Interstitial implant alone (for small T1 and T2 tumors) or after external-beam 
irradiation yields good results (15). 

e In patients treated with surgical resection who have microscopic tumor at the margin 
of resection, an interstitial implant can convert their ominous outcome in local control 
to that of patients with negative margins (3). 


Intraoral Cone 


e Intraoral cone is a localized irradiation technique suitable for lesions located in the 
anterior tongue or anterior segment of the floor of the mouth. 

e Irradiation with intraoral cone uses either 250 keV (10) or electron beams of 6 to 12 
MeV. 

e The cone is always equipped with a device to visualize the target volume and ensure 
proper coverage. 


Treatment of Specific Subsites 
Lip 


e Small cancers (less than 2 cm) can be cured with surgery or irradiation in more than 
90% of patients, with excellent cosmetic and functional results (4). 

e Larger lesions (2 to 4 cm) also can be treated with either surgery or irradiation. 
However, with surgery, reconstruction with a flap is often necessary. Although it may 
look good in a picture, the reconstructed lip is problematic functionally. 

e Postoperative irradiation is recommended for positive margins or perineural invasion. 

e Lesions larger than 4 cm, uncommon lesions with poorly differentiated histology, and 
tumors involving the commissure are best treated with radiation therapy, with surgery 
reserved for salvage. 

e Regional nodes are not treated in most of these patients. 

e The target volume includes the primary tumor with a 1.5-cm margin, if there is no 
indication for nodal irradiation and the lesion is well differentiated. 

e External-beam irradiation of 100 to 200 keV and/or electron beam of a suitable 
energy (6 to 9 MeV with 1.0- to 1.5-cm bolus) is used. 

e Individually designed and constructed lead shields in the gingivobuccal sulcus are 
always used to protect the underlying gum and mandible. 

e Recommended doses usually are 50 Gy in 4.0 to 4.5 weeks for smaller lesions, and 
60 Gy in 5 to 6 weeks for larger lesions. 

e In smaller lesions, interstitial irradiation alone has been recommended. 

e Some practitioners have used external-beam irradiation of approximately 50 Gy 
followed by an interstitial boost of 15 Gy. 


Oral Tongue 


e Management of carcinoma of the oral tongue is difficult and controversial, and 
depends on the primary lesion's size, location, and growth pattern as well as the 
nodal status in the neck. 


T1 and T2 Tongue Lesions 


e Although surgery or irradiation is effective in controlling small cancers, it is not 
unreasonable to consider transoral surgical resection for small, well-defined lesions 
involving the tip and anterolateral border of the tongue (13). These lesions can be 
cured by resection without risk of functional morbidity, particularly in older, feeble 
patients. 

e Radiation therapy (60 to 65 Gy in 6 to 7 weeks) is preferred for small, posteriorly 
situated, ill-defined lesions inaccessible for surgical excision through the peroral 
route. 

e Superficial, exophytic T1 and T2 lesions with little muscle involvement are amenable 
to successful treatment with irradiation (65 to 70 Gy in 7 weeks). 

e For moderately advanced, medium-sized T2 tumors involving the adjacent floor of the 
mouth, surgical treatment must include partial glossectomy, partial mandibulectomy, 
and radical neck dissection. Comprehensive irradiation (70 to 75 Gy in 7 to 8 weeks), 
with progressively decreasing fields to the primary site and neck nodes, is preferred. 
Surgery is reserved for salvage of residual or recurrent disease. 


T3 and T4 Tongue Lesions 


Advanced disease with deep muscle invasion, which often is associated with cervical 
lymph node metastases, is unlikely to be cured with irradiation alone. 

T3 and T4 tongue lesions are best managed by planned, combined irradiation (50 to 
60 Gy in 5 to 6 weeks) and surgery. 


Radiation Therapy 


Smaller, more anteriorly situated primary lesions in an edentulous jaw are most 
suitable for interstitial implant or intraoral cone radiation therapy as a boost 
procedure. 

For an anteriorly situated carcinoma that does not involve the adjacent floor of the 
mouth or gingival ridge, a boost dose of 25 to 30 Gy in 10 daily fractions, 5 fractions a 
week by intraoral cone, can be given. In addition to the comprehensive radiation 
therapy of 45 to 50 Gy, this technique can deliver a very high dose to the primary 
lesion, producing high cure rates (5,6,15). 


Floor of the Mouth 


When the tumor is small or limited to the mucosa, it is highly curable by surgery or 
irradiation alone. 

For extensive, infiltrative T3 and T4 lesions with marked involvement of the adjacent 
muscle of the tongue and mandible, radical surgery is the procedure of choice, 
followed by plastic closure and postoperative irradiation. 

Very small superficial lesions can be treated with interstitial implant (60 to 65 Gy) or 
intraoral cone (45 Gy over 3 weeks) alone. 

T1 and early T2 lesions must be treated with external-beam irradiation and various 
boost techniques such as interstitial implant (45 Gy external plus 25 Gy with implant) 
or intraoral cone (45 Gy external plus 20 Gy intraoral cone). 

For advanced T3 and T4 lesions, external-beam irradiation is given through large 
opposing lateral portals with equal loading covering the primary lesion and nodal 
areas, to a dose of approximately 45 Gy in 4.5 to 5.0 weeks. This is followed by two- 
or three-step reduced fields to a total dose of 74.4 to 76.8 Gy with a hyperfractionated 
regimen (1.2 Gy twice a day). 

Management of the neck is similar to that for the oral tongue. 


Buccal Mucosa 


Primary surgery is effective for small, superficial T1 lesions without involvement of the 
commissure. The procedure removes the malignancy and eradicates any adjacent 
leukoplakia. 

For intermediate T2 lesions and for those involving the commissure, irradiation is 
preferred because it produces a high cure rate with good functional and cosmetic 
results. 

For T3 and T4 tumors with deep muscular invasion, cure rates after radiation therapy 
are poor. These lesions are usually treated with radical surgery, reconstruction, and 
postoperative irradiation. Some authors have recommended preoperative irradiation 
followed by en bloc excision and a reconstructive procedure, if needed (2). 

For T1 and most T2 lesions without nodal involvement, results with irradiation are 
best when photon or electron beam therapy is combined with interstitial implant or 
intraoral cone therapy. 

For moderately advanced lesions with or without positive nodes, appropriate radiation 
therapy must include the primary site and regional lymph nodes. This is best 
achieved with external-beam irradiation through ipsilateral and anterior wedged-pair 
fields for a tumor dose of 55 to 60 Gy in 6 weeks, followed by boost irradiation 
(sparing the mandible) with interstitial implant, intraoral cone, or electron beam for an 
additional 20 Gy (Fig. 23-6). 


View Figure 


Fig. 23-6: A: Preimplant photograph shows multiple, small squamous cell carcinomas of the buccal 
mucosa. B: Percutaneous interstitial brachytherapy implant in place. (From Emami B. Oral cavity. In: 
Perez CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: 
Lippincott-Raven, 1998:981—1002, with permission.) C: Postimplant photograph shows complete 
resolution of tumors with excellent cosmesis. The patient was free of disease for 10 years. (From 
Emami B. Oral cavity. In: Perez CA, Brady LW, eds. Principles and practice of radiation oncology, 
3rd ed. Philadelphia: Lippincott-Raven, 1998:981—1002, with permission.) 


Gingiva 


e Approximately 80% of gingival carcinomas arise from the lower gingiva; 60% of these 
are posterior to the bicuspid. 

e Because bony involvement by carcinoma compromises results of irradiation, careful 
radiographic examination of the mandible, including panorex and polytomes, is 
essential as a minimal pretreatment workup. 

e Intraoral dental radiographs or computed tomography scans may better reveal 
minimal bony involvement of the mandible. 

e Small T1 exophytic lesions without bony involvement can be managed by external- 
beam therapy alone. 

e Radical surgery is preferred for advanced lesions associated with destruction of the 
mandible, with or without metastases, because partial mandibulectomy with radical 
neck dissection provides good survival rates (1). 

e Radiation portals must include the entire segment of the hemimandible from the 
mental symphysis to the temporomandibular joint. 

e The ipsilateral neck is irradiated if nodes are positive or if lesions are advanced. 
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Anatomy 


e The oropharynx is the posterior continuation of the oral cavity; it communicates with 


the nasopharynx above and the laryngopharynx below. It can be subdivided into the 
palatine (faucial) arch and the oropharynx proper (Fig. 24-1). 

The palatine arch, a junctional area between the oral cavity and the laryngopharynx, 
is formed by the soft palate and the uvula above, the anterior tonsillar pillar and 
glossopalatine sulcus laterally, and the glossopharyngeal sulcus and the base of the 
tongue inferiorly. 

The retromolar trigone has been included in the structures of the faucial arch, 
although it is actually located within the oral cavity. Its apex is in line with the 
tuberosity of the maxilla (behind the last upper molar). The lateral border extends 
upward into the buccal mucosa; medially it blends with the anterior tonsillar pillar, its 
base formed by the distal surface of the last lower molar and the adjacent 
gingivolingual sulcus (20). 

The lateral walls of the oropharynx are limited posteriorly by the tonsillar fossa and 
posterior tonsillar pillar (pharyngopalatine folds). These pillars are folds of mucous 
membrane that cover the underlying glossopalatine and pharyngopalatine muscles 
(20). Deep to the lateral wall of the tonsillar fossa are the superior constrictor muscle 
of the pharynx, the upper fibers of the middle constrictor, the pharyngeus and 
stylopharyngeus muscles, and the glossopalatine and pharyngopalatine muscles. The 
tonsillar fossa continues into the lateral and posterior pharyngeal walls. 

The tonsillar fossa and faucial arch have a rich, submucosal lymphatic network that is 
laterally grouped in four to six lymphatic ducts; these ducts drain into the subdigastric, 
upper cervical, and parapharyngeal lymph nodes. Submaxillary lymph nodes may be 
involved in lesions of the retromolar trigone, buccal mucosa, or even base of the 
tongue. 
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Fig. 24-1: Sagittal section through oropharynx. Because no anatomic landmark demarcates the 
oropharynx from the laryngopharynx on the posterior pharyngeal wall, a line drawn from the hyoid 
bone to the posterior wall may be used. (From MacComb WS, Fletcher GH. Cancer of the head and 
neck. Baltimore: Williams & Wilkins, 1967:179-212, with permission.) 


Natural History 


e Tonsillar fossa lesions tend to be infiltrative, often involving the adjacent retromolar 
trigone, soft palate, and base of the tongue. At Washington University, St. Louis, MO, 
primary tumor was confined to the tonsillar fossa in only 5.4% of 384 patients; 65% 
had involvement of the soft palate, and 41% had extension into the base of the 
tongue (25). 

e Tumors of the faucial arch can be superficially spreading, exophytic, ulcerative, or 
infiltrative; the last two types frequently are combined. They become extensive, 
involving the adjacent hard palate or buccal mucosa, in less than 20% of patients. 

e Mandibular involvement was noted in 14% of 110 patients with primary retromolar 
trigone carcinomas (4). 


Lymphatic Drainage 


e Tumors of the tonsillar fossa have a high incidence of lymph node metastases (60% 
to 70%). Although most are found in the subdigastric lymph nodes, midjugular chain, 
and submaxillary lymph nodes (in lesions extending anteriorly), 5% to 10% involve 
the posterior cervical lymph nodes (25). 

e Metastases in the low cervical chain occur in approximately 5% to 15% of patients 
with upper cervical lymph node involvement. 

e The incidence of metastatic lymph nodes in the neck increases with tumor stage. 
Less than 10% of T1 lesions have metastatic cervical lymph nodes, whereas 30% of 
T2 lesions and 65% to 70% of T3 and T4 lesions have them (25). 

e Contralateral lymphadenopathy in tonsillar tumors is noted in 10% to 15% of patients 
with positive ipsilateral lymph nodes. This is seen more frequently when the primary 
tumor extends to or beyond the midline. 

e Retromolar trigone, tonsillar pillar, and soft palate lesions have an overall metastatic 
rate of approximately 45%. Initially, the most common site of nodal involvement is the 
jugodigastric lymph nodes. Approximately 10% of patients have submaxillary lymph 
node involvement. Tumors of the retromolar trigone, anterior faucial pillar, and soft 


palate rarely metastasize to the posterior cervical lymph nodes. Contralateral spread 
is infrequent (10%). 


Clinical Presentation 


e Sore throat is the most common symptom. 

e Difficulty in swallowing or pain in the ear is related to the anastomotic-tympanic nerve 
of Jacobson. 

e Trismus may be a late manifestation if the masseter or pterygoid muscle is involved. 


Diagnostic Workup 


e In addition to a complete history and physical examination, a thorough examination of 
the head and neck is mandatory (Table 24-1). 


Table 24-1: Diagnostic workup for malignant tumors of the tonsil and faucial arch 


General 
History with emphasis on alcohol intake, smoking, tobacco chewing 
General physical examination 
Head and neck examination 
Oral cavity, oropharynx (palpation is very important) 
Nasopharynx (mirror examination) 
Laryngopharynx (indirect laryngoscopy) 
Examination of the neck for lymph nodes 
Direct laryngoscopy 
Biopsy of tumor and any suspicious areas 
Laboratory studies 
Complete blood cell count 
Blood chemistry profile 
Urinalysis 
Radiographic studies 
Chest x-ray 
Plain radiographs of neck or mandible (as clinically indicated) 
Computed tomography (or magnetic resonance) scans 
Radionuclide bone scan (optional, as indicated) 
Special studies (for malignant lymphoma) 
Immunologic typing of tumor 
Electron microscopy 


Special staging procedures 


From Perez CA. Tonsillar fossa and faucial arch. In: Perez CA, Brady LW, eds. Principles 
and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:1003—1032, 
with permission. 


Staging 


e The American Joint Committee on Cancer staging classification for carcinoma of the 
oropharynx, including lymph node involvement, is shown in Table 24-2. 


Table 24-2: TNM classification for carcinoma of oropharynx 
Primary tumor (T) 


TX (Primary tumor cannot be assessed 

TO (No evidence of primary tumor 

Tis |Carcinoma in situ 

T1 (Tumor <2 cm in greatest dimension 

T2  |Tumor >2 cm but not >4 cm in greatest dimension 
T3 (Tumor >4 cm in greatest dimension 


T4  |Tumor invades adjacent structures [e.g., pterygoid muscle(s), mandible, hard palate, 
deep muscle of tongue, larynx] 


Regional lymph nodes (N) 

NX Regional lymph nodes cannot be assessed 

NO (No regional lymph node metastasis 

N1 Metastasis in a single ipsilateral lymph node, £3 cm in greatest dimension 
[N2 (Metastasis in a single ipsilateral lymph node, >3 cm but not >6 cm in greatest 


dimension, or in multiple ipsilateral lymph nodes, none >6 cm in greatest dimension, 
or in bilateral or contralateral lymph nodes, none >6 cm in greatest dimension 


Metastasis in a single ipsilateral lymph node >3 cm but none >6 cm in greatest 
N2a dimension 


Metastasis in multiple ipsilateral lymph nodes, none >6 cm in greatest dimension 
N2b 


Metastasis in bilateral or contralateral lymph nodes, none >6 cm in greatest 
N2c dimension 


N3 (Metastasis in a lymph node >6 cm in greatest dimension 
Distant metastasis (M) 

MX Distant metastasis cannot be assessed 

MO No distant metastasis 

M1 (Distant metastasis 


From Fleming ID, Cooper JS, Henson DE, et al., eds. AJCC cancer staging manual, 5th ed. 
Philadelphia: Lippincott-Raven, 1997:31—39, with permission. 


Pathologic Classification 


e Many oropharyngeal carcinomas are keratinizing squamous cell carcinomas, which 
can be graded | to IV depending on degree of differentiation. 

e Carcinomas arising in the faucial arch tend to be keratinizing and are more 
differentiated than those of the tonsillar fossa. 

e Lymphoepithelioma is much less common in the tonsil (less than 1.5%) than in the 
nasopharynx. 

e Malignant lymphomas, usually non-Hodgkin's type, constitute 10% to 15% of 
malignant tumors of the tonsil. 

e Tumors of the salivary gland type are uncommon in the tonsil or faucial arch. 


Prognostic Factors 


e Gender may play a role in outcome. 

e Stage of primary tumor and presence of involved cervical lymph nodes have a 
significant correlation with 5-year survival (2,11,26). 

e Tumor extension into the base of the tongue is associated with decreased survival. 

e Age younger or older than 40 years at the time of diagnosis has had no effect on 
survival 


General Management 
Tumors of the Tonsil 


e 71 or T2 lesions can be treated with irradiation or surgery alone. 

e Surgery consists of radical tonsillectomy and, for T3 to T4 tumors, partial removal of 
the mandible and ipsilateral neck dissection. 

e 171, T2, and T3 tumors are treated with irradiation alone (60 to 75 Gy in 6 to 8 weeks, 
depending on stage); regional lymph nodes are treated with 50 Gy (subclinical 
disease) to 75 Gy, depending on nodal involvement (8,9,17). Interstitial 
brachytherapy has been used to deliver additional dose (25 to 30 Gy) to the primary 
tumor (3). 

e In T3 and T4 tumors, a combination of irradiation and surgery has been advocated 
because of the higher incidence of recurrences with either modality alone (10,11 ,26). 
Preoperative doses of 30 to 50 Gy in 3.0 to 5.5 weeks are administered to the primary 
tumor and ipsilateral (or both) necks (26). These lesions are treated with radical 
tonsillectomy with ipsilateral neck dissection, followed by irradiation (50 to 60 Gy), 
depending on the status of the surgical margins and the extent of cervical lymph node 
involvement (16). 


Tumors of Faucial Arch 


e 1 lesions less than 1 cm in diameter are treated with wide surgical resection or 
irradiation alone (60 to 65 Gy in 6 to 7 weeks) (14,15,19). 

e T2 tumors require more extensive surgical procedures, including partial resection of 
the mandible if there is bone involvement (18). Because of the tendency of these 
tumors to extend to the midline, the site of lymph node metastasis is less predictable; 
therefore neck dissection should be done only in patients with palpable cervical lymph 
nodes. 

e T2 tumors can also be treated with irradiation alone (65 to 70 Gy); irradiation has the 
advantage of treating subclinical disease in the neck (50 Gy total dose) 
(1,14,15,23,24). Interstitial brachytherapy (20 to 30 Gy) in the primary tumor has been 
combined with external irradiation (50 Gy) (7,22). 

e In more extensive lesions, preoperative or postoperative irradiation can be used in 
doses similar to those used in the tonsil. 

e The role of adjuvant chemotherapy in patients with advanced oropharyngeal tumors 
has not been definitely elucidated. 


Radiation Therapy Techniques 
Volume Treated 


e Tumors of the tonsillar region and faucial arch can be treated with the same portals 
and doses of irradiation. 

e The standard arrangement consists of opposing lateral portals that include the 
primary tumor, adjacent tissues (buccal mucosa, gingiva, base of tongue, distal 
nasopharynx, lateral/posterior pharyngeal wall), and upper and posterior cervical 
lymph nodes (Fig. 24-2). 

e The portal extends posteriorly around the external auditory canal, forming a line 
joining the tip of the mastoid to approximately 1 cm above the foramen magnum. The 
anterior margin is set up by clinical examination (inspection and palpation of buccal 
mucosa and base of tongue) with at least a 2-cm margin beyond any clinical evidence 
of disease. This margin should project 2 to 3 cm forward of the anterior cortex of the 
ascending ramus of the mandible, depending on tumor extent. The portal should 
include the submandibular nodes if there is buccal mucosal involvement. /nferiorly, 
the portal extends to the thyroid notch, except in patients with downward tumor 
extension with pharyngeal wall involvement; in these cases, the margin must be 
placed below that level (Fig. 24-2). Posteriorly, the posterior cervical lymph nodes 
should be covered; a small amount of subcutaneous tissue should be spared to avoid 
falloff, except in patients with palpable posterior cervical lymph nodes. 


e After a tumor dose of approximately 40 to 45 Gy, the posterior margin of the lateral 
portal is brought anteriorly to the midportion of the vertebral bodies to spare the spinal 
cord (Figs. 24-2 and 24-3). After a minimum total tumor dose of 60 Gy is delivered to 
the oropharynx (depending on extent of tumor) portals may be concentrically reduced 
by 1 to 2 cm, and an additional dose delivered to complete 65 to 75 Gy total dose. In 
patients with tumors not extending to the midline, a significant portion of the dose 
above 45 Gy can be delivered with 16- to 20-MeV electrons to enhance sparing of the 
contralateral salivary glands. If desired, doses higher than 45 Gy may be delivered to 
the posterior necks with lateral electron beam portals (9 MeV) or, if photons are used, 
with posterior appositional fields, shielding the spinal cord with a midline block. 

e Compensating filters (Ellis type), designed with the central axis of the field as the 
point of reference, are used with upper neck lateral portals to compensate for the 
varying contour and thickness of the neck in the superior-inferior and lateral 
directions. 

e It is not necessary to treat the posterior cervical chain or midlower cervical lymph 
nodes for T1NO tumors; smaller portals are adequate. 

e The lower neck is treated with a standard anteroposterior portal. If no palpable lymph 
nodes are present, a 5 half-value layer, 1.5- to 2.0-cm-wide midline block can be 
used to shield the larynx and spinal cord. If lymph nodes are involved in this area, 
only a small block is used to shield the larynx and a portion of spinal cord (to avoid 
overlap with lateral portals). 

e One technique for treating small tumors of the tonsillar fossa, anterior tonsillar pillar, 
and retromolar trigone uses ipsilateral wedged-angle anterior and posterior fields that 
irradiate a triangular volume, with the base on the neck and the apex in the uvula. 
With this technique, dose to the mandible is high (9). 
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Fig. 24-2: A: A digital composite radiography shows a left lateral portal encompassing a T2N2cM0 squamous 
cell carcinoma of right tonsil metastasized to level IB node on the right and level II node on the left neck. B: A 
sagittal view shows structures included in the irradiated field. The portals are reduced after 40 to 45 Gy to 
exclude spinal cord (dark line). Tumor boost portal can be designed based on the outlined gross tumor 
volume. C: Anterior lower neck portal. 


View Figure 


Fig. 24-3: A: A digital composite radiography shows a left lateral portal encompassing a T4N3MO 
squamous cell carcinoma of right tonsil extending into the base of tongue, level II and III lymph nodes 
on the right. B: A sagittal view shows structures included in the irradiated field. The portals are reduced 
after 40 to 45 Gy to exclude spinal cord. Tumor boost portal can be designed based on the outlined 
gross tumor volume. C: Anterior lower neck portal. D: An axial view through central region of tumor 
shows the extension of the disease. 


Intensity-Modulated Radiation Therapy 


e __Intensity-modulated radiation therapy can be very useful in the treatment of 
oropharyngeal cancer (6). 

e Peacock (NOMOS) serial rotational arcs or dynamic multileaf collimation can be used 
to deliver varying doses of irradiation to selected tumor volumes (Fig. 24-4). 

e The primary tumor and palpable lymph nodes are treated to 70-Gy minimal tumor 
dose, calculated to 85% to 90% isodose. 

e Daily dose is 1.9 to 2.0 Gy. 

e Nonpalpable lymph nodes receive (simultaneously) approximately 1.6 Gy daily; the 
total prescribed dose is 54 Gy. 
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Fig. 24-4: Intensity-modulated radiation therapy in patient with T3N1 carcinoma of the left tonsil extending along 
the pharyngeal wall. A: Coronal view. B: Sagittal view. C: Cross-sectional isodoses. D: Dose-volume histogram. 


Doses of Irradiation Alone 


Tumor doses usually are calculated at the midline of the upper necks. 

Table 24-3 summarizes doses for various tumor (T) and node (N) stages. 

Standard daily fractionation is 1.8 to 2.0 Gy, 5 fractions per week. 

Shrinking fields must be used with doses over 60 Gy to decrease sequelae. 
Because of limited tolerance of normal tissues (mandible, salivary glands, 
subcutaneous tissues), it is not advisable to administer tumor doses over 75 Gy with 
external megavoltage beams. 


Preoperative Irradiation 


For large primary tumors with involved cervical lymph nodes, doses of approximately 
40 to 45 Gy in 4 to 5 weeks are delivered. 

If possible, a radical surgical resection with neck dissection is carried out; otherwise, 
additional irradiation is given to achieve a total tumor dose of 70 to 75 Gy. 


Postoperative Irradiation 


For T2NO tumors with negative surgical margins, tumor doses of 50 Gy in 5 to 6 
weeks to the primary site and both necks should suffice. 

For more extensive primary tumors or cervical lymph node involvement, 60 to 66 Gy 
in 6 to 7 weeks is delivered. 

If positive surgical margins, extracapsular nodal extension, or more than three 
metastatic lymph nodes exist, an additional 5 to 10 Gy is given with reduced portals 
using 12- to 16-MeV electrons (27). Interstitial brachytherapy may be used for this 
purpose (21). 


Altered Fractionation 


Multiple daily fractionation (b.i.d.) has been used to increase the overall dose of 
irradiation without enhancing morbidity (13,28). 


Beam Energy 


Optimal energy to treat cervical lymph nodes is cobalt 60, 4- or 6-MV photons; these 
beams also can be used for irradiation of tonsillar faucial arch primary lesions and 
extensions, including to the base of the tongue. 

With a 60-Gy midline dose, the mandible receives 65 to 70 Gy total dose. At 
Washington University, St. Louis, MO, after 43- to 45-Gy tumor dose, high-energy 
photons (18 MV) frequently are used in patients without palpable neck nodes to 
achieve a high midline dose with relative sparing of superficial tissues, 
temporomandibular joint, and mandible. 

Electrons (12 to 20 MeV) can be used to boost the dose to the primary tumor or large 
cervical lymph nodes. If necessary, the posterior cervical nodes are irradiated with 9- 
MeV electrons to avoid higher doses to the spinal cord when higher-energy electrons 
are used. 


Table 24-3: Guidelines for treatment of carcinoma of the tonsil and faucial arch 


Stage Dose (Gy) 


Irradiation alone 


Primary tumor 


T1 65 
T2 70 
T3-T4 70-75 
Cervical lymph nodes 
NO 50 
N1 66 (reduce fields after 50 Gy) 
N2a,b 70 (reduce fields after 50) 
N3 70-75 (reduce fields after 50 and 60) 
Preoperative irradiation 40—45 to primary tumor and ipsilateral or both necks 


Postoperative irradiation 


Negative margin specimen (50 


T3-T4 or N2b, N3 or 50 to primary site and both necks plus boost to selected 
positive margins volumes to total dose of 60-66 Gy 


Daily dose fractionation 1.8-2.0 


Sequelae of Treatment 


e Xerostomia (moderate to severe) occurs in approximately 75% of patients treated 
with conventional beam arrangement. Intensity-modulated radiation therapy can 
significantly reduce this complication, at 4% per Gy exponentially (5). 

e Oropharyngeal mucositis and moderate-to-severe dysphagia are the most common 
acute irradiation sequelae. 

e Laryngeal edema, fibrosis, hearing loss, and trismus occasionally may occur. 

e The incidence of necrosis of the mandible depends on stage of tumor, irradiation 
dose delivered to the mandible, use of prophylactic dental care, trauma (including 
dental extractions), and irradiation technique, and is approximately 6% when the 
tumor is over or adjacent to the mandible and 0% when it is not (25). Severe necrosis 
requiring mandibulectomy was reported in 6 of 88 patients (6.8%) with T1 and T2 
carcinomas of the tonsillar fossa, and 13 of 88 (14.8%) with T3 and T4 tumors (12); 
the incidence of bone exposure was 29.5% and 45.4%, respectively. The incidence of 
osteonecrosis was higher with single homolateral fields, unilateral wedge filter 
arrangements, or a combination of external irradiation and interstitial implants. 

e Carotid artery rupture occurs in up to 3% of patients treated with surgery for 
irradiation failure. 
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Anatomy 


e The base of the tongue is bounded anteriorly by the circumvallate papillae, laterally 
by the glossopharyngeal sulci and oropharyngeal walls, and inferiorly by the 
glossoepiglottic fossae or valleculae and the pharyngoepiglottic fold (17) (Fig. 25-1). 


Tonsil 


Post. Pharyngeal 
Wall 


Oral aN 
Tongue a, 
E 


False Vocal N “4 
rd 
True Vocal 
A B Cord 
View Figure 


Fig. 25-1: A: Anatomy of base of the tongue viewed from above. B: Sagittal view. (From Simpson JR, 
Marks JR. Base of tongue. In: Perez CA, Brady LW, eds. Principles and practice of radiation oncology, 
3rd ed. Philadelphia: Lippincott-Raven, 1998:1033—1046, with permission.) 


Natural History 


e Bilateral and contralateral lymphatic spread is common (Fig. 25-2); retrograde spread 
to retropharyngeal lymph nodes has been reported (7,10,17). 

e «The deeply infiltrating nature of most cancers correlates with the high frequency of 
lymphatic metastases at presentation (80% of patients overall, with bilateral spread in 
30%). 
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Fig. 25-2: A: Lymphatics of head and neck. Both deep (shaded) parapharyngeal and superficial nodes 
(jugulodigastric) are commonly involved. B: Distribution of nodal involvement at presentation of 
squamous cell carcinoma of base of the tongue. (From Lindberg RD. Distribution of cervical lymph 
node metastases from squamous cell carcinoma of the upper respiratory and digestive tracts. Cancer 
1972;29:1446—1449, with permission.) 


Staging System 


e The American Joint Committee on Cancer staging system for carcinoma of the 
oropharynx is shown in Table 25-1. 


Table 25-1: TNM classification for carcinoma of the oropharynx 

Primary tumor (T) 

TX Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Tis Carcinoma in situ 

T1 Tumor £2 cm in greatest dimension 

T2 Tumor >2 cm but not >4 cm in greatest dimension 

T3 Tumor >4 cm in greatest dimension 

T4 Tumor invades adiacent structures (ntervaoid musclels]. mandible. hard palate. 


deep muscle of tongue, larynx) 
Regional lymph nodes (N) 


NX Regional lymph nodes cannot be assessed 

NO No regional lymph node metastasis 

N1 Metastasis in a single ipsilateral lymph node, <3 cm in greatest dimension 
N2 Metastasis in a single ipsilateral lymph node, >3 cm but not >6 cm in greatest 


dimension; in multiple ipsilateral lymph nodes, none >6 cm in greatest dimension; or 
in bilateral or contralateral lymph nodes, none >6 cm in greatest dimension 


Metastasis in a single ipsilateral lymph node >3 cm but not >6 cm in greatest 
N2a dimension 


Metastasis in multiple ipsilateral lymph nodes, none >6 cm in greatest dimension 


N2b 
N2c |Metastasis in bilateral or contralateral lymph nodes, none >6 cm in greatest 
dimension 
N3 Metastasis in a lymph node >6 cm in greatest dimension 


Distant metastases (M) 
MX Presence of distant metastasis cannot be assessed 


MO No distant metastasis 
M1 Distant metastasis 
Stage grouping 
Stage Tis NO MO 
0 
Stage | T1 NO MO 
Stage T2 NO MO 
II 
Tia T3 NO MO 
T1 N1 MO 
T2 N1 MO 
T3 N1 MO 
Stage T4 NO or N1 MO 
IVA 
Any T N2 MO 
Stage (Any T N3 MO 
IVB 
Stage |Any T Any N M1 
IVC 


From Fleming ID, Cooper JS, Henson DE, et al., eds. AJCC cancer staging manual, 5th ed. 
Philadelphia: Lippincott-Raven, 1997:31—39, with permission. 


Prognostic Factors 


e Base of tongue cancers have a worse prognosis than those in the oral tongue 
because of greater size at diagnosis, more frequent spread to adjacent structures, 
and higher rate of lymphatic spread. However, stage for stage, they may have a 
prognosis similar to that of oral tongue cancers (9). 


General Management 


e Exophytic or surface tumors respond well to irradiation alone; ulcerative, endophytic 
cancers that are partly or completely fixed require surgery (2-5,7,12). 


e Overall treatment results for base of tongue cancer, when all stages are considered, 
appear to be best for combinations of surgery and irradiation, intermediate for surgery 
alone, and worst for irradiation alone. 


Surgical Management 


e Surgical resection consisting of mandibulotomy and neck dissection is recommended 
for T1 and T2 cancers. 

e Radical neck dissection yields data for determining the need for postoperative 
irradiation, which is recommended for patients with disease more extensive than 
stage N1 or extracapsular extension. 

e At Washington University, St. Louis, MO, 47% of patients treated with combined 
surgery and preoperative irradiation had the mandible preserved (20). 

e Tumors of the lower base of the tongue that involve the valleculae and extend 
inferiorly to the supraglottic larynx and pyriform sinus may be controlled by partial 
glossectomy and subtotal supraglottic laryngectomy, or partial laryngopharyngectomy 
with preservation of voice (16,20). 

e Conditions required for a subtotal supraglottic laryngectomy include no gross 
involvement of pharyngoepiglottic fold, preservation of one lingual artery, resection of 
less than 80% of base of the tongue, pulmonary function suitable for supraglottic 
laryngectomy, and medical condition suitable for a major operation. 

e Locoregional control is approximately 48% with surgery alone (8). 


Irradiation Alone 


e Small T1 and T2 base of tongue tumors without significant infiltration and surface, or 
exophytic T2 and T3 lesions of the glossopharyngeal sulcus (glossopalatine sulcus), 
are controlled by high-dose radiation, with locoregional control of 70% (3). 

e Large, unresectable base of tongue cancers that cross the midline and infiltrate and 
fix the tongue are often irradiated palliatively to achieve as much tumor regression as 
possible. 


Surgery and Irradiation 


e Surgery combined with irradiation is best suited for larger tumors that extend beyond 
the base of the tongue or infiltrate and partially fix the tongue. 

e Adjuvant irradiation should be used routinely for resectable T3 and T4 base of tongue 
cancers to reduce the likelihood of recurrence (15,20). 

e Doses of 60 Gy and bilateral fields covering the primary site and upper necks are 
necessary because of the significant primary tumor burden and high rate of 
contralateral and bilateral lymphatic spread. 

e Locoregional control ranges from 60% to 78% with the combined approach. 


Radiation Therapy Techniques 


e Irradiation portals for base of tongue cancer should encompass the primary tumor 
and locoregional extensions. 

e Portals should extend superiorly to the base of the skull and floor of the sphenoid 
sinus to include the retropharyngeal lymphatics, anteriorly to include the faucial arch 
and a portion of the oral tongue, inferiorly to include the supraglottic larynx, and 
posteriorly to include the posterior cervical triangle (18). 

e The primary tumor and both sides of the upper neck are irradiated through opposing 
lateral fields. 

e Both sides of the lower neck are irradiated through a single anteroposterior field, with 
a midline block at the junction between the upper lateral and low-neck fields to 
prevent spinal cord injury (Fig. 25-3). 

e Supine patients with bite block or thermoplastic immobilization receive daily treatment 
of all fields. 

e The spinal cord is shielded after 40 to 45 Gy, and the posterior cervical triangles are 
boosted with 9- to 12-MeV electrons to spare the underlying spinal cord. 


e Tissue compensators ensure dose homogeneity and prevent excessive dose to the 
supraglottic larynx. 

e After 40 to 45 Gy with low-energy megavoltage beams, the remaining dose may be 
delivered with high-energy x-rays to concentrate the dose centrally and reduce the 
dose to the parotids, mandible, and temporomandibular joints. 

e After 60 Gy, the fields are reduced to encompass only the primary tumor and may be 
weighted to the side involved by tumor. 

e The boost dose after 60 Gy may be delivered by a submental electron beam or low- 
energy photon beam field. 

e Doses to the primary tumor and palpable lymph nodes are 65 to 75 Gy delivered in 
6.5 to 7.5 weeks; doses for elective irradiation of subclinical microscopic lymphatic 
metastases should be at least 50 Gy. 

e A treatment plan illustrating dose distributions is shown in Figure 25-4. 

e = The role of interstitial implants remains undefined. 


View Figure 


Fig. 25-3: A: A digital composite radiography showing a left lateral portal encompassing a T2N1MO 
base of tongue carcinoma. B: A sagittal view showing structures included within the irradiated field. 
The portals are reduced after 40 to 45 Gy to exclude spinal cord (dark line). Tumor boost portal can be 
designed based on the outlined gross tumor volume. C: Anterior lower neck portal. D: An axial view 
through the central region of the tumor showing the extension of the primary tumor and the metastatic 
node. 
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View Figure 


Fig. 25-4: Isodose plan showing delivery of 65 to 66 Gy to the primary tumor volume and 50 Gy 
electively to the neck. (From Simpson JR, Marks JR: Base of tongue. In: Perez CA, Brady LW, eds. 
Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:1033—1046, 
with permission.) 


Chemotherapy 


e Inametaanalysis of 63 trials (10,741 patients), locoregional treatment with 
chemotherapy yielded a pooled hazard ratio of death of 0 to 90 (95% Cl 0 to 85 to 0 
to 94, p <.0001), corresponding to an absolute survival benefit of 4% at 2 and 5 years 
compared with patients receiving no chemotherapy. There was no significant benefit 
associated with adjuvant or neoadjuvant chemotherapy. Chemotherapy given 
concomitantly to radiotherapy provided significant benefits, but heterogeneity of the 
results prohibits firm conclusions. Metaanalysis of six trials (861 patients) comparing 
neoadjuvant chemotherapy plus radiotherapy with concomitant or alternating 
radiochemotherapy yielded a hazard ratio of 0:91 (0.79 to 1.06) in favor of 
concomitant or alternating radiochemotherapy (14). 

e Newer drug combinations (usually containing cisplatin) have shown high complete- 
response rates in nonkeratinizing head and neck cancers and may improve results of 
treatment. They should be tested in advanced cases in prospective clinical trials 


(6,11,13,19). 


Sequelae of Treatment 


e Xerostomia (moderate to severe) occurs in approximately 75% of patients treated 
with conventional beam arrangement. Intensity-modulated radiation therapy can 
significantly reduce this complication exponentially, at 4% per Gy of parotid mean 
dose (1). 
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Anatomy 


e The hypopharynx is the lower or most inferior portion of the pharynx; it links the 
oropharynx with the esophageal inlet. 

e The larynx indents the anterior wall of the hypopharynx to form a horseshoe-shaped 
hollow cavity, creating a central communal aerodigestive passageway and two lateral 
fossae (pyriform sinuses). 

e The hypopharyngeal walls are composed of the mucosa, fibrous fascia, muscular 
layer, and areolar coat. The entire wall thickness is less than 1 cm and generally 
provides little, if any, hindrance to tumor penetration. 

e The hypopharynx is further subdivided clinically into the pyriform sinuses, the 
posterolateral pharyngeal wall, and the postcricoid region (Fig. 26-1). 

e The posterior border of the larynx forms the postcricoid region. The area extends 
from the level of the arytenoids to the inferior edge of the cricoid cartilage. 

e The posterolateral pharynx extends from the level of the hyoid bone to the inferior 
border of the cricopharyngeus muscle. 

e The pyriform fossa lies laterally to the larynx. The medial wall is formed by the 
aryepiglottic fold and the lateral laryngeal wall (cricothyroid muscle). The anterior and 
lateral walls are formed by the thyroid ala. The posterior wall is open and 
communicates fully with the hypopharyngeal lumen. Its apex lies below the level of 
the vocal cords and occasionally below the cricoid cartilage. 

e Tumors extending to the pyriform fossa apex or postcricoid area are not amenable to 
conservation (voice-sparing) surgical procedures. 

e The lymphatics of the hypopharynx enter the jugulodigastric lymph nodes and upper 
and middle jugular chain. 

e There is free communication with the spinal accessory lymph nodes and 
retropharyngeal nodes; in this group, the highest nodes (Rouvière) are at the level of 
the C-1 vertebra. 


“e+—-Pharyngeol! wall 
Glottic opening~+ 4—True vocal cord 
Aryepiglottic fold=--+--7A A agesi---~}-~— False vocal cord 


View Figure 


Fig. 26-1: Posterior view of hypopharynx shows topography of pyriform sinus, pharyngeal wall, and 
postcricoid region. (Redrawn from Sobotta atlas der anatomie des menschen, 20th ed. Munchen: 
Urban & Schwarzenberg, 1993, with permission.) 


Natural History 


e Inthe United States, tumors occur in the following decremental frequency: pyriform 
fossa (greater than 65%), postcricoid (20%), and hypopharyngeal wall (10% to 15%) 
(6). 

e Medial wall pyriform fossa tumors, the most common group, often spread along the 
mucosal surface to involve the aryepiglottic folds. Occasionally they invade medially 
and deeply into the false vocal folds and larynx via the paraglottic space (Fig. 26-2). 
Involvement of the paraglottic space allows a lesion to behave as a transglottic 
carcinoma (18). 

e Cancers of the lateral wall and apex of the pyriform fossa commonly invade the 
thyroid cartilage and, less frequently, the cricoid cartilage. 

e Once they penetrate the constrictor muscle, tumors can spread along the muscle and 
fascial planes to the base of the skull (the origin and suspension of the constrictor 
muscles) and along the neurovascular planes following the vagus, glossopharyngeal, 
and sympathetic nerves. 

e Postcricoid area tumors commonly invade the cricoid cartilage, interarytenoid space, 
and posterior cricohyoid muscle to produce hoarseness (24). Because of the 
tendency for early esophageal spread, some have suggested that these 
epiesophageal tumors are not hypopharyngeal in origin (13). 

e The abundant lymphatics of the hypopharynx, coupled with extensive primary disease 
at presentation, account for the high incidence of metastases to the regional lymph 
nodes (16,21—23). 

e The midcervical lymph nodes most commonly are involved. The incidence of 
metastases varies according to the site and origin in the hypopharynx (15) (Table 26- 
1 and Fig. 26-3). 

e The contralateral submaxillary nodes are the most common contralateral neck sites. 

e Occult disease occurs irrespective of T stage in pyriform fossa tumors, with an 
incidence of 60% for T1 and T2 and 84% for T3 and T4 disease (6). 


e The most common metastatic site in 3,419 patients was in level Il (69%). Survival 
decreased as the level of metastases went from level II (89% survival) to level IV, the 
supraclavicular region (21% survival) (4). 

e Pathologically confirmed node metastases decreased survival by 26% to 28% (NO 
versus N+), and size of nodal disease decreased survival by an additional 12% to 
18% (N1 versus N2 and N3) (21,22). There was a decremental survival rate with 
progressive nodal disease (NO, 57%; N1, 28%; N2, 6%; N3, 0%) and a higher neck 
recurrence rate with progressively larger neck metastases (NO, 20%; N1, 37%; N2, 
48%; N3, 83%) (10). 

e Approximately 5% to 15% of presenting cases require an emergency tracheotomy. 

e Amajor neurologic finding is referred pain to the ipsilateral ear. Pain is referred along 
the internal branch of the superior laryngeal nerve (sensory division to the larynx and 
hypopharynx) via the vagus nerve (X) to the auricular branch of the vagus nerve 
(Arnold's nerve). 

e Onrare occasions, direct tumor involvement or lymph node extension to the 
hypoglossal nerve may produce ipsilateral tongue paralysis. 


View Figure 


Fig. 26-2: Computed tomography scan without contrast demonstrates a pyriform fossa tumor (T) 
invading the aryepiglottic fold and paraglottic space on the left. Note the normal contralateral 
aryepiglottic fold (a) and pyriform fossa (P). (From Emami B, Spector JG. Hypopharynx. In: Perez CA, 
Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 
1998:1047-—1068, with permission.) 


NO N1 N2A N2B N3A N3B _N1-N3 /Total 
_51 | 27 | 45 | 51 | 28 | 202/267= 75%) 


View Figure 


Fig. 26-3: Nodal distribution on admission in 267 patients with primary hypopharyngeal cancer. (From 
Lindberg RD. Distribution of cervical lymph node metastases from squamous cell carcinoma of the 
upper respiratory and digestive tracts. Cancer 1972;29:1446—1449, with permission.) 


Table 26-1: Percentage of nodal metastases as a function of location and tumor size 


Pyriform sinus Pharyngeal wall | Postcricoid 
Tumor size | (2P | (3) (9) | (16) | (10) | (11) | (17) | (5) 
T1 84 91 38 74 l3 j5 lo #6 
T2 l3 (82 67 83 (31 36 [ə h7 | 
T3 80 76 69 74 47 |58 (85 (38 | 
T4 98 69 63 60 |70 l2 — 50 | 


“The numbers in parentheses refer to studies in the reference list. 


Diagnostic Workup 


e The initial history and physical examination should include indirect laryngoscopy and 
a flexible endoscopic examination under topical anesthesia. Posterior pharyngeal wall 
lesions may be missed during indirect laryngoscopy. 

e Radiologic evaluation includes chest x-ray and computed tomography scan with 
contrast of the head and neck region, which is helpful in delineating cartilage and 
bone invasion by tumor, as well as extralaryngeal and paraglottic tumor invasion. 

e In most cases, delineating the inferior border of the lesion and involvement of the 
esophageal inlet requires a barium swallow, including a video to evaluate the 
hypopharynx and cervical esophagus. 


Staging System 


e The American Joint Committee on Cancer system is used most often to stage 
hypopharyngeal tumors (Table 26-2). 


Table 26-2: American Joint Committee staging system for cancers of the 
hypopharynx 

Primary tumor (T) 

TX Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Tis (Carcinoma in situ 

Ti (Tumor limited to one subsite of hypopharynx and 22 cm in greatest dimension 


T2  /|Tumor involves more than one subsite of hypopharynx or an adjacent site, or 
measures >2 cm but not >4 cm in greatest dimension without fixation of hemilarynx 


T3 (Tumor measures >4 cm in greatest dimension or with fixation of hemilarynx 


T4 Tumor invades adjacent structures (e.g., thyroid/cricoid cartilage, carotid artery, soft 
tissues of neck, prevertebral fascia/muscles, thyroid, and/or esophagus) 


Regional lymph nodes (N) 

NX Regional lymph nodes cannot be assessed 

NO No regional lymph node metastasis 

N1 Metastasis in a single ipsilateral lymph node, =3 cm in greatest dimension 


N2 |Metastasis in a single ipsilateral lymph node, >3 cm but not >6 cm in greatest 
dimension; or in multiple ipsilateral lymph nodes, none >6 cm in greatest dimension; 
or in bilateral or contralateral lymph nodes, none >6 cm in greatest dimension 


Metastasis in a single ipsilateral lymph node, >3 cm but not >6 cm in greatest 
N2a (dimension 


Metastasis in multiple ipsilateral lymph nodes, none >6 cm in greatest dimension 
N2b 


Metastasis in bilateral or contralateral lymph nodes, none >6 cm in greatest 
N2c_|dimension 


N3__|Metastasis in a lymph node >6 cm in greatest dimension 
Distant metastasis (M) 

MX Distant metastasis cannot be assessed 

MO No distant metastasis 

‘M1 [Distant metastasis 


From Fleming ID, Cooper JS, Henson DE, et al., eds. AJCC cancer staging manual, 5th ed. 
Philadelphia: Lippincott-Raven, 1997:31—39, with permission. 


Pathologic Classification 


e Over 95% of tumors of the hypopharynx are squamous cell carcinoma. 

e Tumor margins generally are infiltrating in 80% and pushing in 20% of specimens 
studied. Whole-organ sections of the pyriform fossa have demonstrated unsuspected 
submucosal tumor spread well beyond 1 cm of the visible tumor margins (12). 


Prognostic Factors 


e Survival declines progressively with increasing age. 

e Women have a significantly higher survival rate 3 to 20 years after therapy. 

e Pathologic findings in pyriform fossa tumors that adversely affect survival include 
positive surgical margins or tumor persistence in the irradiation field after initial 
definitive therapy. 


e Aryepiglottic fold and medial wall pyriform fossa tumors are usually smaller and more 
localized, which leads to higher cure rates than with postcricoid and pharyngeal wall 
tumors. 

e The poorest results are seen with pyriform apex, postcricoid, and two- or three-wall 
tumors. 

e In pyriform fossa and aryepiglottic fold tumors, metastases reduce the cure rate by 
28% and 26%, respectively (NO greater than N+ by 26% to 28%). The presence of 
extracapsular tumor spread in the cervical lymph nodes and soft tissues of the neck is 
of paramount importance in survival (1,20). The presence of neck metastases also 
influences survival. 

e The size or number of metastases influences survival (higher for N1 than N2 and N3) 
by an additional 12% to 18% (21,22). 

e Tumor location influences cure rates. The decremental frequency for survival with 
hypopharyngeal carcinomas at different sites is as follows: pyriform fossa, pharyngeal 
walls, and postcricoid region (8). 

e T stage influences survival as well; most patients present with large tumors (82% are 
T3 or T4 pyriform sinus cancers) (7). 

e In pyriform fossa tumors (T1 and T2 exceed T3 and T4 by 28%), there is a significant 
decrease in cure rates for T3 and T4 disease (7). 


General Management 


e The best treatment for hypopharyngeal carcinoma aims for the highest locoregional 
control rate with the least functional damage. 

e Functions that need to be preserved include respiration, deglutition, and phonation. 
This should be done with the least risk to the host and, if possible, without the use of 
permanent prosthetic devices. 

e Most T1NO and selected T2NO0 lesions can be treated equally well with curative 
irradiation or conservation surgery. Invasion of the larynx by a pyriform fossa tumor 
with vocal cord fixation predicts a poor outcome to curative irradiation. 

e Larger lesions and neck metastases require combined surgical resection and 
adjuvant radiation therapy. 

e Table 26-3 outlines the management of hypopharyngeal tumors. 


Surgical Management 


e Contraindications for conservation surgery include the following: transglottic 
extension, cartilage invasion, vocal fold paralysis, pyriform apex invasion, postcricoid 
invasion, and extension beyond the laryngeal framework. 

e An ipsilateral neck dissection is performed (functional, modified, or radical resection) 
in all cases; this almost always is followed by postoperative irradiation. 

e Tumors of the aryepiglottic fold are resected with an extended subtotal supraglottic 
laryngectomy and neck dissection if they fulfill the resection criteria of no extension 
beyond the larynx, transglottic extension, or vocal cord paralysis. 

e Extension into the base of the tongue, epiglottis, and vallecula can be handled by 
extension of the operative field superiorly to resect these lesions and portions of the 
base of the tongue. 

e Small lesions are amenable to partial laryngopharyngectomy and neck dissection if 
they are confined to the medial and anterior pyriform fossa walls or aryepiglottic folds, 
do not extend to the pyriform apex or beyond the larynx, show no postcricoid invasion 
or vocal cord (paralysis) or contralateral arytenoid involvement, and occur in patients 
who do not have pulmonary and cardiac disabilities. 

e Inpatients who do not meet the criteria for conservation surgery, either a total 
laryngopharyngectomy or a total laryngectomy and partial pharyngectomy with 
reconstruction with neck dissection are performed. 


Irradiation Alone 


e Irradiation alone controls a substantial proportion of small surface lesions in the 
pyriform sinus. Of 25 T1 and T2 lesions of the pyriform sinus, 16 (64%) were 
controlled with irradiation alone (65 to 70 Gy in 7 to 8 weeks) (19). 


Surgery and Irradiation 


e  lItis better to deliver higher doses of adjuvant irradiation (60 to 66 Gy) postoperatively 
than preoperatively, because preoperative irradiation (usually 45 to 50 Gy in 4.5 to 
5.0 weeks) retards healing of pharyngeal and cutaneous suture lines and may cause 
more complications than postoperative irradiation (2). 

e In pyriform fossa tumors, combined therapy had higher cure rates (71%) than surgery 


(53%) or irradiation (27%). In aryepiglottic fold tumors, combined therapy (68%) had 
better disease-free results than surgery (61%) or irradiation (34%) at 5 years (20). 


Table 26-3: Management of hypopharyngeal cancer 


Tumor site 
Pyriform sinus 
T1 and T2 lesions 


T3 and T4 lesions, 
resectable 


Unresectable or 
medically inoperable 
lesions 


With fixed lymph nodes 
Pharyngeal wall 

T1 lesions 

T2, T3, and T4 lesions 
Postcricoid regions 


Treatment 


Irradiation alone (70 Gy) or partial laryngopharyngectomy, 
ipsilateral neck dissection (postoperative irradiation, depending on 
pathologic findings) 


Total laryngectomy, ipsilateral neck dissection, and postoperative 
irradiation (66 Gy in 6.5 weeks) 


Irradiation alone (70-75 Gy) with altered fractionation and/or 
combined chemoirradiation 


Preoperative irradiation (45—50 Gy) 


Irradiation alone (70 Gy) 
Surgical resection followed by adjuvant irradiation (60-66 Gy) 


Optimal treatment undefined. Surgery and postoperative 
irradiation if resectable; irradiation alone if unresectable. 


Radiation Therapy Techniques 


Preoperative Irradiation 


e Preoperative radiation therapy is delivered to the larynx, pharynx, and neck. 

e Lateral fields extend from the base of the skull and mastoid to the supraclavicular 
lymph nodes and encompass the anterior and posterior cervical lymph node chains. 

e For pyriform sinus cancer that extends superiorly into the oropharynx, fields are 
designed to encompass retropharyngeal nodes up to the base of the skull. 

e Preoperative doses are 45 to 50 Gy given in 4.5 to 5.0 weeks. 


Postoperative Irradiation 


e Opposed upper lateral fields are used for postoperative radiation therapy, 
encompassing the primary tumor from the base of the skull. Upper cervical lymph 


node and anterior low-neck fields irradiate the tracheostoma and lower cervical lymph 
nodes (Fig. 26-4). 

e Ananterior spinal cord shield is not used in the initial 46 Gy to avoid shielding of the 
pharynx, tracheal lymph nodes, and parastomal tissues. 


At Washington University, an asymmetric jaw technique for the arrangement of both 
lateral upper necks or a beam splitter for the low-neck field routinely is used to 
prevent upward divergence of the radiation beam and possible overlap at the junction 
of the three irradiation fields. A small notch on the posterior and lower corner of the 
lateral fields ensures no overlap over the spinal cord. However, when this notch may 
compromise tumor control, as shown in Figure 26-4, moving junction technique may 
be used. 

Compensating filters are required for low-energy megavoltage beams to eliminate the 
dose inhomogeneity that results from variations in thickness of the neck. 

The entire spinal cord is shielded after 40 to 45 Gy, and the posterior neck underlying 
the shield is irradiated with a 9-MeV electron beam to complete the dose to the 
desired level. 


View Figure 


View Figure 


Fig. 26-4: A: A digital composite radiography showing a left lateral portal encompassing a T2N2CMO 
squamous cell carcinoma of the pyriform sinus with bilateral neck nodes metastasis. B: A sagittal view 
showing structures included within the irradiated field. The portals are reduced after 40 to 45 Gy to 
exclude spinal cord (dark line). Tumor-boost portal can be designed based on the outlined gross tumor 
volume. C: Initial anterior lower neck portal for 46 Gy. Off-cord boost to both lower necks will bring total 
dose to 60 Gy. A beam splitter is used to prevent beam divergence. Moving junction technique may be 
used since no spinal cord notch is in place due to the tumor extension. D: An axial view through the 


central region of tumor shows the extension of disease and metastatic nodes. 


Irradiation Alone 


The irradiated volume should encompass the nasopharynx, oropharynx, 
hypopharynx, and upper cervical esophagus because of the propensity of these 
cancers to spread submucosally. 


e The technique, consisting of two parallel-opposed upper-neck lateral beams and one 
anterior field encompassing the low neck, is similar to that described for postoperative 
irradiation. 

e The boost volume (after 60 Gy) should encompass the gross tumor (and grossly 
involved nodes) up to an additional 10 to 15 Gy. 

e The total prescribed dose is approximately 70 to 75 Gy in 8 weeks. 

e The European Organization for Research and Treatment of Cancer reported results 
of combined-modality therapy for head and neck cancer, in which 202 patients with 
operable, locally advanced squamous cell cancer of the pyriform sinus or the 
hypopharyngeal aspect of the aryepiglottic fold were randomly assigned to receive 
treatment with standard surgery and postoperative irradiation or induction 
chemotherapy (cisplatin and 5-fluorouracil) (14). Patients achieving a clinical 
complete response at the primary site after two or three cycles of chemotherapy 
received organ-sparing treatment with definitive irradiation (70 Gy), whereas those 
with less than a complete response were treated surgically. At a median follow-up of 
51 months (range, 3 to 106 months), the estimated survival outcomes for patients 
randomly assigned to receive induction chemotherapy or surgery, respectively, were 
as follows: 3-year overall survival of 57% versus 43%, 3-year disease-free survival of 
43% versus 31%, and median survival of 44 versus 25 months. These differences 
reflected a trend for improved outcome from chemotherapy and meet the statistical 
criteria for survival equivalence for the two arms. The laryngeal preservation rate was 
estimated at 42%, considering only deaths from local disease as failure. 


Sequelae of Treatment 


e The incidence of pharyngocutaneous fistulas after pharyngectomy is the same 
whether the pharynx has been irradiated before or not, but the time required to heal a 
preoperatively irradiated fistula is significantly greater than for a nonirradiated fistula 
(2). 

e Surgery-related mortality after low-dose preoperative irradiation and pharyngectomy 
for cancers of the pyriform sinus and pharyngeal wall ranges from 10% to 14% (7). 
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Anatomy 


e The larynx is divided into three regions: the supraglottic (epiglottis, false vocal cords, 
ventricles, aryepiglottic folds, arytenoids), glottic (true vocal cords, anterior 
commissure), and subglottic (located below the vocal cords) (5) (Fig. 27-1). 

e The lateral line of demarcation between the glottis and supraglottic larynx clinically is 
the apex of the ventricle. The demarcation between the glottis and subglottis is ill 
defined, but the subglottis is considered to begin 5 mm below the free margin of the 
vocal cord and to end at the inferior border of the cricoid cartilage and the beginning 
of the trachea. 

e The laryngeal arteries are branches of the superior and inferior thyroid arteries. 

e The intrinsic muscles of the larynx are innervated by the recurrent laryngeal nerve. 
The cricothyroid muscle, an intrinsic muscle responsible for tensing the vocal cords, 
is supplied by a branch of the superior laryngeal nerve. Isolated damage to this nerve 
causes a bowing of the true vocal cord, which continues to be mobile, although the 
voice may become hoarse. 

e The supraglottic structures have a rich capillary lymphatic plexus. The trunks pass 
through the preepiglottic space and thyrohyoid membrane and terminate mainly in the 
subdigastric lymph nodes; a few drain to the middle internal jugular chain lymph 
nodes. 

e There are essentially no capillary lymphatics of the true vocal cords. Lymphatic 
spread from glottic cancer occurs only if tumor extends to the supraglottic or 
subglottic areas. 

e The subglottic area has relatively few capillary lymphatics. The lymphatic trunks pass 
through the cricothyroid membrane to the pretracheal (Delphian) lymph nodes in the 
region of the thyroid isthmus. The subglottic area also drains posteriorly through the 
cricotracheal membrane, with some trunks going to the paratracheal lymph nodes 
and others continuing to the inferior jugular chain. 
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Fig. 27-1: Diagrammatic sagittal section of the larynx. (Redrawn from Sobotta atlas der anatomie des 
menschen, 20th ed. Munchen: Urban & Schwarzenberg, 1993, with permission.) 


Epidemiology and Risk Factors 


e Cancer of the larynx represents approximately 2% of total cancer risk and is the most 
common head and neck cancer (skin excluded). 

e The ratio of glottic to supraglottic carcinoma is approximately 3 to 1. 

e Cancer of the larynx is strongly related to cigarette smoking. The risk of tobacco- 
related cancers of the upper alimentary and respiratory tracts declines among ex- 
smokers after 5 years and approaches the risk of nonsmokers after 10 years of 
abstention (26). 


Natural History 
Supraglottic Larynx 


e Destructive suprahyoid epiglottic lesions tend to invade the vallecula and preepiglottic 
space, lateral pharyngeal walls, and the remainder of the supraglottic larynx. 

e —=Infrahyoid epiglottic lesions grow circumferentially to involve the false cords, 
aryepiglottic folds, medial wall of the pyriform sinus, and the pharyngoepiglottic fold. 
Invasion of the anterior commissure and cords and anterior subglottic extension 
usually occur only in advanced lesions. 

e Extension of false cord tumors to the lower portion of the infrahyoid epiglottis and 
invasion of the preepiglottic space are common. 

e |t may be difficult to decide whether aryepiglottic fold/arytenoid lesions started on the 
medial wall of the pyriform sinus or on the aryepiglottic fold. Advanced lesions invade 
the thyroid, epiglottic, and cricoid cartilages, and eventually, the pyriform sinus and 
postcricoid area. 


Glottic Larynx 


e At diagnosis, approximately two-thirds of tumors are confined to the cords, usually 
one cord. The anterior portion of the cord is the most common site. 

e Subglottic extension may occur by simple mucosal surface growth, but it more 
commonly occurs by submucosal penetration beneath the conus elasticus. One cm of 
subglottic extension anteriorly or 4 to 5 mm of extension posteriorly brings the border 
of the tumor to the upper margin of the cricoid, exceeding the anatomic limits for 
conventional hemilaryngectomy. 

e Advanced glottic lesions eventually penetrate through the thyroid cartilage or via the 
cricothyroid space to enter the neck, where they may invade the thyroid gland. 


Subglottic Larynx 


e Because early diagnosis is uncommon, most lesions are bilateral or circumferential at 
discovery. 


Lymphatic Spread 


e Disease spreads mainly to the subdigastric nodes. 

e The incidence of clinically positive nodes is 55% at the time of diagnosis; 16% are 
bilateral (10). 

e Elective neck dissection reveals pathologically positive nodes in 16% of cases. 
Observation of initially node-negative necks eventually identifies the appearance of 
positive nodes in 33% of cases (7,19). 

e The risk of late-appearing contralateral lymph node metastasis is 37% if the ipsilateral 
neck is pathologically positive (14). 

e |n carcinoma of the vocal cord, the incidence of clinically positive lymph nodes at 
diagnosis approaches zero for T1 lesions and 1.7% for T2 lesions; the incidence of 
neck metastases increases to 20% to 30% for T3 and T4 lesions (15). 


Diagnostic Workup 


e Fiber-optic illuminated endoscopes (rigid and flexible) are used routinely to 
complement the laryngeal mirror examination. 

e A computed tomography (CT) scan should be done before biopsy so that 
abnormalities that may be caused by the biopsy are not confused with tumor. 

e CT is preferred to magnetic resonance imaging because the longer scanning time for 
magnetic resonance imaging results in motion artifact (18). 

e Archer et al. (3) correlated CT findings with the incidence of cartilage or bone 
invasion on whole-organ sections. In 12 of 14 patients with pathologic evidence of 
cartilage invasion, the average diameter of the tumor in two dimensions was more 
than 16 mm, and the lesion was located below the top of the arytenoid. 


Staging System 


e The American Joint Committee on Cancer staging system for laryngeal primary 
cancer is listed in Table 27-1 (2). 


Table 27-1: American Joint Committee staging system for laryngeal cancer 

TX (Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Tis (Carcinoma in situ 

Supraglottis 

T1 [Tumor limited to one subsite of the supraglottis with normal vocal cord mobility 


T2  |Tumor invades mucosa of more than one adjacent subsite of supraglottis or glottis or 
region outside the supraglottis (e.g., mucosa of base of tongue, vallecula, medial wall 
of pyriform sinus) without fixation of the larynx 

T3 Tumor limited to larynx with vocal cord fixation and/or invades any of the following: 
postcricoid area, preepiglottic tissues 

T4 (Tumor invades through the thyroid cartilage and/or extends into soft tissues of neck, 
thyroid, and/or esophagus 

Glottis 

T1 Tumor limited to vocal cord(s) (may involve anterior or posterior commissures) with 
normal mobility 
Tumor limited to one vocal cord 

Tia 
Tumor involves both vocal cords 

Tib 

T2  |Tumor extends to the supraglottis and/or subglottis, and/or with impaired vocal cord 
mobility 

T3 Tumor limited to the larynx with vocal cord fixation 

T4  |Tumor invades through the thyroid cartilage and/or to other tissues beyond the larynx 


(e.g., trachea, soft tissues of neck, including thyroid, pharynx) 


From Fleming ID, Cooper JS, Henson DE, et al., eds. AJCC cancer staging manual, 5th ed. 
Philadelphia: Lippincott-Raven, 1997:41—46, with permission. 


Vocal Cord Carcinoma 


Carcinoma /n Situ 


Carcinoma in situ sometimes may be controlled by stripping the cord; however, it is 
difficult to exclude the possibility of microinvasion in these specimens. 

Recurrence is frequent, and the cord may become thickened and the voice hoarse 
with repeated stripping. 

We recommend early radiation therapy because most patients with this diagnosis 
eventually will receive this treatment and earlier use of irradiation means a better 
chance of preserving a good voice. 


Early Vocal Cord Carcinoma 


In most centers, irradiation is the initial treatment for T1 and T2 lesions. Surgery is 
reserved for salvage after radiation therapy failure (6,15,17). 

The local control rate with definitive radiation therapy is approximately 90% for T1 
lesions and 70% to 80% for T2 lesions. 

Although hemilaryngectomy or cordectomy produces comparable cure rates for 
selected T1 and T2 vocal cord lesions, irradiation generally is preferred (20). 


Moderately Advanced Vocal Cord Cancer 


Fixed-cord lesions (T3) can be subdivided into relatively favorable or relatively 
unfavorable lesions. 

Patients with favorable T3 lesions have disease confined mostly to one side of the 
larynx, have a good airway, and are reliable for follow-up. 

Patients with unfavorable lesions usually have extensive bilateral disease with a 
compromised airway and are considered to be in the advanced group. 


Patients with favorable lesions are advised of the alternatives to irradiation with 
surgical salvage or immediate total laryngectomy (22). They must be willing to return 
for follow-up examinations every 4 to 6 weeks for the first year, every 6 to 8 weeks for 
the second year, every 3 months for the third year, every 6 months for the fourth and 
fifth years, and annually thereafter (14). 


Advanced Vocal Cord Carcinoma 


The mainstay of treatment for advanced vocal chord carcinoma is total laryngectomy, 
with or without adjuvant irradiation. 

Indications for postoperative irradiation include close or positive margins, significant 
subglottic extension (greater than or equal to 1 cm), cartilage invasion, perineural 
invasion, extension of primary tumor into the soft tissues of the neck, multiple positive 
neck nodes, extracapsular extension, and control of subclinical disease in the 


opposite neck (1,9,13). 


Surgical Treatment 


In men, the maximum cordal involvement suitable for hemilaryngectomy is one full 
cord plus a maximum of one-third of the opposite cord. 

Women have a smaller larynx, and usually only one vocal cord may be removed 
without compromising the airway. 

The maximum subglottic extension is 8 to 9 mm anteriorly and 5 mm posteriorly. 
These limits are necessary to preserve the integrity of the cricoid. 

Tumor extension to the epiglottis, false cord, or both arytenoids is a contraindication 
to hemilaryngectomy. 


Radiation Therapy Techniques 


For T1 lesions, irradiation portals extend from the thyroid notch superiorly to the 
inferior border of the cricoid and fall off anteriorly. The posterior border depends on 
posterior extension of the tumor (18). 

The field is extended for T2 tumors, depending on the anatomic distribution of the 
tumor. The field size ranges from 4 cm x 4 cm to 5 cm x 5 cm (plus an additional cm 
of "flash" anteriorly), although it occasionally reaches 6 cm x 6 cm for large T2 
lesions. 

A commonly used dose-fractionation schedule is 66 Gy for T1 lesions and 70 Gy for 
T2 cancers, given in 2-Gy fractions. Dose-fractionation schemes are shown in Table 
27-2. 

At many institutions, patients are treated in the supine position with 4- or 6-MV x-rays 
using equally weighted parallel-opposed fields. 

Irradiation of T3 and T4 lesions requires larger portals, which include the 
jugulodigastric and middle jugular lymph nodes (12) (Fig. 27-2). The inferior jugular 
lymph nodes are included in a separate low-neck portal. 

Patients are treated with continuous course to 72 Gy in 36 fractions or twice-daily 
irradiation at 1.2 Gy per fraction to total doses of 74.4 to 76.8 Gy (21,22). 

Portals are reduced after 45.6 Gy in 38 fractions; the reduced portals cover only the 
primary lesion. 


View Figure 


Fig. 27-2: A: A digital composite radiography showing a left lateral portal encompassing a T3NOMO 
squamous cell carcinoma of the false cord. B: A sagittal view showing structures included within the 
irradiated field. The portals are reduced after 40 to 45 Gy to exclude spinal cord (dark line). Tumor 
boost portal can be designed based on the outlined gross tumor volume. C: Anterior lower neck portal. 


Treatment of Recurrence 


e Radiation therapy failures may be salvaged by cordectomy, hemilaryngectomy, or 
total laryngectomy. 

e Biller et al. (4) reported a 78% salvage rate by hemilaryngectomy for 18 selected 
patients in whom irradiation failed; total laryngectomy eventually was required in two 
patients. 

e The rate of salvage by irradiation for recurrences or new tumors that appear after 
initial treatment by hemilaryngectomy is approximately 50%. 


‘Table 27-2: External-beam radiation therapy treatment plan for glottic carcinoma at 
Washington University 


Tumor stage i | Total dose (Gy)/fractions (n) | Time (wk) | 
| 


Tis 56.25/25 or 60 Gy/30 . 5-6 
T1 63/28 or 66 Gy/33 5565 


T2a 65.25/29 or 70 Gy/35 6-7 
T2b 65.25/29 or 70 Gy/35 6-7 


Supraglottic Larynx Carcinoma 
Early and Moderately Advanced Supraglottic Lesions 


e Treatment of the primary lesion for the early group is by external-beam irradiation or 
supraglottic laryngectomy, with or without adjuvant irradiation. 

e For early-stage primary lesions with advanced neck disease (N2b or N3), combined 
treatment frequently is necessary to control the neck disease (13,16). In these cases, 
the primary lesion usually is treated by irradiation alone, with surgery added to treat 
the involved neck site(s). If the same patient were treated with supraglottic 
laryngectomy, neck dissection, and postoperative irradiation, the portals would 
unnecessarily cover the primary site and the neck. 

e If a patient has early, resectable neck disease (N1 or N2a) and surgery is elected for 
the primary site, postoperative irradiation is added only if there are unexpected 
findings (e.g., positive margins, multiple positive nodes, extracapsular extension). 


Advanced Supragloitic Lesions 


e The surgical alternative for these lesions is total laryngectomy. 

e Selected advanced lesions, especially those that are mainly exophytic, may be 
treated by radiation therapy, with total laryngectomy reserved for irradiation failures. 

e Borderline lesions are given a trial of irradiation (45 to 50 Gy). If the response is good, 
irradiation is continued for cure; if the response is unsatisfactory, radiation therapy is 
stopped, and total laryngectomy is performed 4 to 6 weeks later. 

e Neoadjuvant chemotherapy followed by radiation therapy for responders is a 
reasonable alternative for selected patients. 


Surgical Treatment 


e Supraglottic laryngectomy is a voice-sparing surgery that can be used successfully 
for selected lesions involving the epiglottis, a single arytenoid, the aryepiglottic fold, or 
the false vocal cord. 

e Extension of the tumor to the true vocal cord, anterior commissure, or both arytenoids 
precludes supraglottic laryngectomy, as does fixation of the vocal cord or thyroid or 
cricoid cartilage invasion. 

e Supraglottic laryngectomy may be extended to include the base of the tongue if one 
lingual artery is preserved. 

e All patients have difficulty swallowing with a tendency to aspirate immediately after 
surgery, but almost all learn to swallow again within a short period of time. Motivation 
and the amount of tissue removed are key factors in learning to swallow again. 

e Preoperatively, adequate pulmonary reserve is evaluated by blood gas 
determinations, function tests, chest roentgenography, and a work test involving 
walking a patient up two flights of stairs to determine tolerance to pulmonary stress. 

e Voice quality is generally normal after supraglottic laryngectomy. 


Radiation Therapy Techniques 


e Radiation therapy technique and dose are similar to those for glottic tumors. 
However, because of richer lymphatics in the supraglottic region, regional lymphatics 
must also be treated in tumors greater than T2 size (14). 


For clinically positive nodes, an electron-beam portal may be used to increase the 
dose to the posterior cervical nodes after the fields are reduced to avoid the spinal 
cord at 45 Gy (11). 

The addition of a neck dissection usually increases the risk of temporary 
lymphedema; however, it remains preferable to the higher doses of irradiation 
required to control large neck nodes in terms of tumor control and complications (16). 


Postoperative Treatment 


Irradiation is added for close or positive margins, invasion of soft tissues of the neck, 
significant subglottic extension (greater than or equal to 1 cm), thyroid cartilage 
invasion, multiple positive nodes, and extracapsular extension. 

The base of the tongue and the neck are usually high-risk areas. The stomal area is 
at risk mainly if there is subglottic extension; otherwise, it may be shielded. 

The postoperative irradiation dose as a function of known residual disease is as 
follows: negative margins, 60 Gy in 30 fractions; microscopically positive margins, 66 
Gy in 33 fractions; and gross residual disease, 70 Gy in 35 fractions. 

All patients receive continuous-course treatment of 1 fraction per day, 5 days per 
week. 

The lower neck is treated with doses to 50 Gy in 25 fractions at 3 cm. 

If subglottic extension exists, the dose to the stoma is boosted with electrons (usually 
10 to 14 MeV) for an additional 10 Gy in 5 fractions. 


Comparison of Surgery and Radiation Therapy 


The 659 patients with stage | (T1NOMO) glottic carcinoma treated with curative intent 
at Washington University, St. Louis, MO, were subdivided into four groups. Ninety 
patients received low-dose irradiation (mean dose 58 Gy; range 55 to 65 Gy; daily 
fractionation 1.5 to 1.8 Gy); 104 patients received high-dose irradiation (mean dose 
66.5 Gy; range 65 to 70 Gy; daily fractionation 2.0 to 2.25 Gy); 404 patients 
underwent conservation surgery; and 61 patients had endoscopic resection. T1a 
(85%) and T1b (15%) disease was equally distributed among the groups. 

No significant difference in the 5-year, cause-specific survival rate was observed 
among the four therapeutic groups for T1 tumors (p = .68). Actuarial survival was 
significantly decreased in the low-dose radiation therapy group as compared with the 
other three therapeutic groups (p = .04). Initial local control was poorer for the 
endoscopic (77%) and low-dose irradiation (78%) groups as compared with the high- 
dose irradiation (89%) and conservation surgery (92%) groups (p = .02), but 
significant differences were not found for ultimate local control following salvage 
treatment. Unaided laryngeal voice preservation was similar for high-dose radiation 
therapy (89%), conservation surgery (93%), and endoscopic resection (90%), but 
significantly poorer for low-dose irradiation (80%; p = .02) (25). 

Among 134 patients with stage II glottic carcinomas treated with curative intent and 
function preservation, 47 patients were treated with low-dose radiation therapy 
(median dose, 58.5 Gy at 1.5- to 1.8-Gy daily fractions), 16 patients with high-dose 
irradiation (67.5 to 70.0 Gy) at higher daily fractionation doses (2.0 to 2.25 Gy), and 
71 patients underwent conservation surgery. There were no statistical differences in 
local control, voice preservation, and 5-year actuarial and disease-specific cure rates 
between conservation surgery and high-dose irradiation (p = .89). Patients treated 
with low-dose irradiation had statistically lower local control, 5-year survival, and 
voice preservation (p = .014) (24). 


Chemoradiotherapy for Laryngeal Preservation 


A metaanalysis including patients with locally advanced laryngeal or hypopharyngeal 
carcinoma compared radical surgery plus radiation therapy with a neoadjuvant 
combination of cisplatin and 5-fluorouracil followed by irradiation (in responders) or 
radical surgery plus radiation therapy (in nonresponders). There were 602 patients 


identified, with a median follow-up of 5 to 7 years. The pooled hazard ratio [1 to 19 (0 
to 97 to 1 to 46)] showed a nonsignificant trend (p = .1) in favor of the control group, 
corresponding to an absolute negative effect in the chemotherapy arm that reduced 
survival at 5 years by 6% (from 45% to 39%). Adjustment for nodal status (NO/N1 to 
N3) or tumor subsite (glottic or subglottic versus supraglottic versus hypopharynx) led 
to similar results. This metaanalysis suggests that, because of the nonsignificant 
negative effect of chemotherapy on the organ-preservation strategy, this procedure 
must remain investigational (23). 


Follow-Up 


e Follow-up of patients with early lesions is planned for every 4 to 8 weeks for 2 years, 
every 3 months for the third year, every 6 months for the fourth and fifth years, and 
then annually for life. 

e |f recurrence is suspected but the biopsy is negative, patients are reexamined at 2- to 
4-week intervals until the matter is settled. 


Sequelae of Treatment 
Surgical Sequelae 


e Postoperative complications and sequelae of hemilaryngectomy include chondritis, 
wound slough, inadequate glottic closure, and anterior commissure webs (8). 

e Complications associated with supraglottic laryngectomy and total laryngectomy for 
supraglottic carcinomas include fistula (8%), carotid artery exposure or blowout (8% 
to 5%), infection or wound sloughing (3% to 7%), and fatal complications (3%) (8). 


Radiation Therapy Sequelae 


e The voice may improve as the tumor regresses during the first 2 to 3 weeks, but it 
generally becomes hoarse again because of radiation-induced changes, even as the 
tumor continues to regress. 

e The voice begins to improve approximately 3 weeks after completion of treatment, 
usually reaching a plateau in 2 to 3 months. 

e Edema of the larynx is the most common sequela after irradiation for glottic or 
supraglottic lesions. It may be accentuated by radical neck dissection and may 
require 6 to 12 months to subside. 

e Soft tissue necrosis leading to chondritis occurs in less than 1% of patients, usually in 
those who continue to smoke. 

e Corticosteroids such as dexamethasone have been used to reduce radiation-induced 
edema after recurrence has been ruled out by biopsy. If ulceration and pain occur, 
administration of an antibiotic, e.g., tetracycline, may help. 

e tis unusual for patients to require a tracheotomy before irradiation unless severe 
lymphedema develops at the time of direct laryngoscopy and biopsy. In patients who 
have recovered from direct laryngoscopy and biopsy without obstruction, a 
tracheotomy rarely has been required during a fractionated course of irradiation. 

e Patients treated twice a day with 1.2-Gy fractions (continuous-course technique) to 
total doses of 74.0 to 76.8 Gy usually have brisker acute reactions than those treated 
once a day with 2-Gy fractions (14). Approximately 10% treated with b.i.d. irradiation 
require nasogastric feeding tubes because of difficulty in swallowing. 
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Glomus Tumors 
Anatomy 


e Glomus bodies are found in the jugular bulb and along the tympanic (Jacobson) and 
auricular (Arnold) branch of the tenth nerve in the middle ear or in other sites (Fig. 28- 
1). 

e Glomus tumors (chemodectoma or paraganglioma) can be classified as tympanic 
(middle ear), jugulare, or carotid vagal, or may originate from other locations such as 
the larynx, adventitia of thoracic aorta, abdominal aorta, or surface of the lungs. 

e Although histologically benign, they may extend along the lumen of the vein to 
regional lymph nodes, but rarely to distant sites. 


Aortico- 
pulmonary 


View Figure 


Fig. 28-1: A: Anatomy of the region of the glomus jugulare. (From Hatfield PM, James AE, Schulz MN. 
Chemodectomas of the glomus jugulare. Cancer 1972;30:1165—1168, with permission.) B: Distribution 


of paragangliomas of the head and neck region. Laterality was not specified in three patients with 
carotid body paragangliomas. The diagram does not include one left carotid body paraganglioma that 
was found incidentally at autopsy and a left vagal body paraganglioma that presented in a patient who 
has two other paragangliomas. (From Lack EE, Cubilla AL, Woodruff JM, et al. Paragangliomas of the 
head and neck region. Cancer 1977;39:3997—4009, with permission.) 


Clinical Presentation 


e Glomus tumors of the middle ear initially may cause earache or discomfort, pulsatile 
tinnitus, or hearing loss; in later stages, cranial nerve paralysis results from invasion 
of the base of skull (10% to 15%) (43). 

e If the tumor invades the middle cranial fossa, symptoms may include temporoparietal 
headache, retroorbital pain, proptosis, and paresis of cranial nerves V and VI. If the 
posterior fossa is involved, symptoms may include occipital headache, ataxia, and 
paresis of cranial nerves V to VII, IX, and XII; invasion of the jugular foramen causes 
paralysis of nerves IX to XI. 

e Chemodectoma of the carotid body usually presents as a painless, slowly growing 
mass in the upper neck; occasionally it may be pulsatile and have a thrill or bruit. As it 
enlarges, it may extend into the parapharyngeal space and be visible on examination 
of the oropharynx (40). 

e Metastases occur in 2% to 5% of cases (33). 


Diagnostic Workup 


e Diagnostic evaluation for glomus tumors of the ear and base of skull is outlined in 
Table 28-1. 

e High-resolution computed tomography (CT) with contrast has the highest degree of 
sensitivity and specificity. 

e Biopsy of glomus tumors may result in severe hemorrhage. 


Staging 


e Prognosis is closely related to anatomic location and volume of lesion, as reflected in 
the Glasscock-Jackson classification. 
e Analternative classification was proposed by McCabe and Fletcher (38) (Table 28-2). 


General Management 
Surgery 


e Surgery generally is used to treat small tumors that can be completely excised. 

e Percutaneous embolization of a low-viscosity silicone polymer has been used, 
frequently as preoperative preparation of the tumor. 

e Surgical treatment of a glomus tumor arising in the jugular bulb requires more 
complex surgical approaches involving the base of the skull. It often consists of piece- 
by-piece removal, which is accompanied by significant bleeding and damage to 
adjacent neurovascular structures. 


Radiation Therapy 


e Irradiation frequently is used to treat glomus tumors, particularly those in the 
tympanicum and jugulare bulb (51), or carotid body chemodectomas (40). 

e Tumors with destruction of petrous bone, jugular fossa, or occipital bone are more 
reliably managed with irradiation, as are patients with jugular foramen syndrome (44). 

e Some reports describe successful combinations of surgery with either preoperative or 
postoperative irradiation (41,51). 


Radiation Therapy Techniques 


e Limited (usually unilateral) portals should be used for relatively localized glomus 
tumors, regardless of whether the treatment is combined with surgery. 

e Dickens et al. (14) used a three-field arrangement with a superior-inferior wedged and 
lateral open field, with a weighting of 1.00 to 1.00 to 0.33. Figure 28-2 shows 
superior-inferior 60- and 45-degree wedged filtered fields. 

e Electrons (15 to 18 MeV) with a lateral portal or combined with cobalt 60 or 4- to 6- 
MV photons (20% to 25% of total tumor dose) render a good dose distribution (Fig. 
28-3). 

e For tumor that has spread into the posterior fossa, parallel-opposed portals with 6- to 
18-MV photons may be needed. 

e Dose is 45 to 55 Gy in 5 weeks in 1.8- to 2.0-Gy daily fractions, five treatments per 
week (10). 
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Fig. 28-2: Isodose distribution using superior-inferior pairs of 45-degree converging wedge filtered cobalt 
60 fields, demonstrating limited volume of irradiation. SSD, source to surface; I.D., tumor dose. (From 
Tidwell TJ, Montague ED. Chemodectomas involving the temporal bone. Radiology 1975;116:147-149, 
with permission.) 
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Fig. 28-3: Isodose distribution of a mixed-beam unilateral portal for glomus tympanicum lesion (80% 16- 
MeV electrons, 20% 4-MV photons). (From Konefal JB, Pilepich MV, Spector Gu, et al. Radiation therapy 
in the treatment of chemodectomas. Laryngoscope 1987;97:1331—1335, with permission.) 


Table 28-1: Diagnostic workup for glomus tumors of the ear and base of skull, 
hemangiopericytoma, esthesioneuroblastoma, extramedullary plasmacytoma, and 
sarcoma of the head and neck 


General 


History 
Physical examination 
Radiographic studies 


Computed tomography scan to define tumor extent and possible central nervous system 
involvement 


Plain radiographs, including temporal bone views 
Magnetic resonance imaging with gadolinium 


Arteriography to determine bilateral involvement and collateral cerebral blood flow 
(optional) 


Jugular phleborheography (optional) 
Laboratory studies 

Complete blood counts on admission 

Blood chemistries 

Urinalysis 
Special tests 
Audiograms to establish baseline hearing loss 


Histologic staining to determine presence of catecholamines 


Table 28-2: Modification of McCabe and Fletcher classification of chemodectomas 


Tumor group Characteristics 
Group | 
Tympanic Absence of bone destruction on x-rays of the mastoid bone and jugular 
tumors fossa; absence of facial nerve weakness; intact 8th nerve with conductive 
deafness only; intact jugular foramen cranial nerves (IX, X, and XI) 
Group Il 
Tympano- X-ray evidence of bone destruction confined to mastoid bone and not 


mastoid tumors involving petrous bone; normal or paretic 7th nerve; intact jugular foramen 
nerves; no evidence of involvement of superior bulb of jugular vein on 
retrograde venogram 


Group III 


Petrosal and Destruction of the petrous bone, jugular fossa, and/or occipital bone; 
extrapetro-sal positive findings on retrograde jugulography; destruction of petrous or 
tumors occipital bones on carotid arteriogram; jugular foramen syndrome (paresis 

of cranial nerves IX, X, or Xl); or presence of metastasis 


From Wang M-L, Hussey DH, Doornbos JF, et al. Chemodectoma of the temporal bone: a 
comparison of surgical and radiotherapeutic results. Int J Radiat Oncol Biol Phys 
1987;14:643-648, with permission. 


Hemangiopericytoma 


e Hemangiopericytoma is an unusual vascular tumor; although it may occur anywhere 
in the body, the head and neck are the most common locations after the lower 
extremities and retroperitoneum. 


Clinical Presentation 


e Inthe head and neck, hemangiopericytoma may be a polypoid, painless, soft gray or 
red mass that grows slowly and may cause nasal obstruction; epistaxis is common. 

e Onarteriography, hemangiopericytoma is the only vascular tumor that has 
characteristic angiographic features, including radially arranged or spider-like 
branching vessels around and inside the tumor and a long-standing, well-demarcated 
tumor stain. 


General Management 


e Complete local resection, if possible, combined with preoperative embolization of 
tumor, is the treatment of choice. 

e More extensive surgery is required for tumors with malignant features. 

e For incompletely resected tumors, postoperative irradiation is used (36). 

e The role of chemotherapy is not well determined. 


Radiation Therapy Techniques 


e Use of radiation therapy alone is controversial. 

e The main role of irradiation is either as an adjuvant after complete excision of the 
lesion or postoperatively for minimal residual disease (30). 

e Tumor doses of 60 to 65 Gy in 6 to 7 weeks are required to produce local tumor 
control in postoperative cases (29). 


e The tumor is considered relatively radioresistant; an effective dose for 
hemangiopericytoma is 75 to 90 Gy in 30 to 60 days (22). 

e Irradiation fields should be wide and encompass the tumor bed with a safe margin of 
at least 5 cm to avoid marginal recurrence. 

e Portal arrangement and beam selection are similar to those used to treat malignant 
brain tumors or soft tissue sarcomas. 


Chordomas 
Anatomy 


e Chordomas are rare neoplasms of the axial skeleton that arise from the remnant of 
the primitive notochord (chorda dorsalis). 

e Basisphenoidal chordoma may be difficult to differentiate histologically from 
chondroma and chondrosarcoma, and radiographically from craniopharyngioma, 
pineal tumor, and hypophyseal and pontine glioma. 


Natural History 


e Lethality rests on critical location, aggressive local behavior, and extremely high local 
recurrence rate. 

e Lymphatic spread is uncommon. 

e The incidence of metastasis, which is reported to be as high as 25%, is greater than 
previously believed and may be related to the long clinical history. The most common 
site of distant metastasis is the lung, followed by liver and bone (43). 


Prognostic Factors 


e Aside from histology, prognostic factors that most influence choice of treatment are 
location, local extent of tumor, and surgical resectability. 


Clinical Presentation 


e Inthe head, extension may be intracranial or extracranial, into the sphenoid sinus, 
nasopharynx, clivus, and sellar and parasellar areas, with a resultant mass effect. 

e Inthe sphenooccipital region, the most common presenting symptom is headache. 

e Other presentations include symptoms of pituitary insufficiency, nasal stuffiness, 
bitemporal hemianopsia, diplopia, and other cranial nerve deficits. 

e Cranial nerve palsies are common in patients with clivus chordoma. 


Diagnostic Workup 


e Diagnostic workup varies with primary location of disease. 

e Most patients have significant bony destruction; some have calcifications in the 
tumor. Plain x-ray films and CT scans are highly useful; contrast enhancement is 
required. 

e Magnetic resonance imaging (MRI) is inferior to CT in its ability to demonstrate bony 
destruction and intratumoral calcification but is superior to CT in delineation of exact 
tumor extent. 

e Because of its greater availability and lower cost, CT is the technique of choice for 
routine follow-up of previously treated patients. 


General Management 


e A surgical approach is preferentially recommended (when feasible), but complete 
surgical extirpation alone is unusual. 


e Because of surgical inaccessibility, relative resistance to irradiation, and a high 
incidence of local recurrence, combined surgical excision and irradiation frequently is 
used. 


Radiation Therapy Techniques 


e Irradiation techniques vary considerably, depending on location of tumor. 

e Basisphenoidal tumors usually are treated by a combination of parallel-opposed 
lateral fields, anterior wedges, and photon and electron beam combinations, 
depending on extent of tumor (Fig. 28-4). 

e Precision radiation therapy planning, preferably using CT and MRI when available, is 
required. 

e Portal margins are 1 to 2 cm around the tumor. 

e Frequently used doses are 55 to 66 Gy (median, 60 Gy) in 1.8- to 2.0-Gy fractions 
(23). 

e Stereotactic irradiation has been used in some patients (32). 

e Because of the slow proliferative nature of chordomas, high linear energy transfer 
may be useful. Proton beam boosts have been recommended (19). 

e Brachytherapy can be used for recurrent tumors of the base of skull or adjacent to the 
spine when more aggressive surgical exposure is offered (24). 
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Fig. 28-4: Treatment planning field arrangement for clivus chordoma. (From Perez CA, Chao KSC. 
Unusual nonepithelial tumors of the head and neck. In: Perez CA, Brady LW, eds. Principles and 
practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998: 1095—1134, with 
permission.) 


Sequelae of Treatment 


e Inpatients treated with high irradiation doses or charged particles, sequelae include 
brain damage, spinal cord injury, bone or soft tissue necrosis, and xerostomia (48). 

e Some patients experience unilateral vision loss or radiation injury to the brainstem 
(5). 

e After high-dose proton therapy for clivus tumors, the actuarial incidence of endocrine 
abnormalities was 26% at 3 years and 37% at 5 years; hypothyroidism was the most 


frequent abnormality (48). The dose to the pituitary in patients with abnormalities was 
equivalent to 63.1 to 67.7 Gy. 


Lethal Midline Granuloma 


e Lethal midline granuloma (midline malignant polymorphic reticulosis) is characterized 
by progressive, unrelenting ulceration and necrosis of the midline facial tissues. It is 
associated with Epstein-Barr virus. 

e Considerable controversy exists regarding disorders characterized by a necrotizing 
and granulomatous inflammation of the tissues of the upper respiratory tract and oral 
cavity (43). If other etiologies can be excluded, three clinicopathologic entities remain: 
Wegener's granulomatosis is an epithelioid necrotizing granulomatosis with vasculitis 
of small vessels. Systemic involvement of the kidneys and lungs is common. 
Polymorphic reticulosis (PMR) is an unusual disorder characterized by atypical, 
mixed lymphoid infiltration of the submucosa with extensive areas of necrosis, 
sometimes extending to bone or cartilage. Most (if not all) cases of PMR are 
peripheral T-cell lymphomas. 

Idiopathic lethal midline granuloma (LMG) is a localized disorder characterized by 
destruction of the midfacial area; if left untreated, it is uniformly fatal. 

e Despite specific clinicopathologic features, the distinction between LMG and PMR is 
often difficult to make. In fact, these disorders may represent two phases of the same 
disease, with LMG remaining histologically benign or evolving into PMR, although this 
is controversial. 

e Most patients have involvement of the nasal cavity (including destruction of septum) 
and paranasal sinuses (particularly maxillary antrum). 

e The primary lesion may extend into the orbits, oral cavity (palate, gingiva), or even 
the pharynx. 


Clinical Features and Diagnostic Workup 


e Clinical manifestations include progressive nasal discharge, obstruction, foul odor 
emanating from the nose, and, in later stages, pain in the nasal cavity, paranasal 
areas, and even in the orbits. 

e Examination discloses ulceration and necrosis in the nasal cavity, perforation or 
destruction of nasal septum and turbinates, and even ulceration of the nose. 

e Edema of the face and eyelids may be noted; the bridge of the nose may be sunken. 

e Radiographic studies initially show soft tissue swelling, mucosal thickening, and 
findings consistent with chronic sinusitis. 

e CT is invaluable in demonstrating the full extent of the tumor, including bone or 
cartilage destruction. 


General Management and Radiation Therapy Techniques 


e When treatment is planned, it is extremely important to exclude the diagnosis of 
Wegener's granulomatosis, a benign process that is commonly treated with steroids 
and systemic chemotherapy. Bona fide LMG does not respond to steroids, and the 
treatment of choice is radiation therapy (47). 

e Target volume should encompass all areas of involvement, including adjacent areas 
at risk (i.e., for a lesion of the maxillary antrum it would include the antrum and all of 
the paranasal sinuses), with a 2- to 3-cm margin (25). Wide margins are necessary 
because marginal failures are a significant problem (49). 

e Irradiation techniques are similar to those for tumors of the paranasal sinuses, nasal 
cavity, or nasopharynx (43). 

e Because of the rarity of lethal midline granuloma, experience is limited. Complete 
responses have been reported with doses of 30 to 50 Gy; most patients are treated 
with 35 to 45 Gy in 3.0 to 4.5 weeks (20). 

e We recommend 45 to 50 Gy in 4.5 to 5.5 weeks in 1.8- to 2.0-Gy daily fractions. 


Chloroma 


Chloroma (granulocytic sarcoma, myeloblastoma) is a solid extramedullary tumor 
composed of early myeloid precursors usually associated with acute myelocytic 
leukemia. 

Granulocytic sarcoma has been identified in 3% of patients with acute chronic 
granulocytic leukemia. It also can be seen with other myeloproliferative disorders 
(polycythemia vera, hypereosinophilia, myeloid metaplasia) (43). 

In the absence of acute leukemia, granulocytic sarcoma usually is an ominous sign, 
suggesting imminent conversion to acute myelocytic leukemia or blast crisis. 


Clinical Presentation and Diagnostic Workup 


The most common sites of presentation are the orbit and other craniofacial bones. 
Because not all deposits exhibit the characteristic green tint, the term granulocytic 
sarcoma seems more appropriate. 

Intraorbital (retrobulbar) chloroma causes insidiously progressive exophthalmos or 
temporal swelling. 

Central nervous system involvement causes local pressure phenomena and elevation 
of intracranial pressure with consequent headaches, nausea, and vomiting. 

All patients require complete hematologic and neurologic testing, as in any patient 
with suspected leukemia. 

Radiographic findings include localized bone destruction with predominantly lytic 
lesions and associated soft tissue masses in orbital and periorbital chloromas. 
Intracranial chloromas may exhibit intermediate or high attenuation on unenhanced 
CT scans, with intense, uniform enhancement after intravenous administration of 
contrast material. Confusion with meningioma, hematoma, solitary metastasis, and 
lymphoma may occur on CT scans. 

Open biopsy is the best diagnostic tool. 

Gallium 67 scintigraphy should be used to detect unsuspected lesions; it is also 
useful as a marker for follow-up and a measurement of response to therapy. 


Radiation Therapy Techniques 


Chloromas are extremely radiosensitive. Responses of leukemic infiltrates have been 
reported with doses as low as 4 Gy; yet the need for higher doses up to 30 Gy for 
extramedullary leukemic infiltrates is well recognized (43). 

Mair (37) recommends anywhere from 6 Gy in a single dose to 15 Gy in 10 fractions 
to a maximum of 30 Gy. Although the literature is limited regarding maximum dose, it 
appears that 30 Gy is the maximum required for local control. 

The target volume is the tumor mass and an adequate margin (2 to 3 cm). 

Irradiation techniques depend on location of the infiltrate. For superficial lesions, 
electron beam is recommended. 

Orbital chloroma may constitute a radiation therapy emergency, since vision loss is 
possible if the patient is not treated promptly. 


Esthesioneuroblastoma 


Esthesioneuroblastomas are rare tumors thought to arise in the olfactory receptors in 
the nasal mucosa of the cribriform plate of the ethmoid bone. 

The olfactory nerves perforate grooves in the ethmoid bone in the cribriform plate and 
continue into the subarachnoid spaces, accounting for the high incidence of 
intracranial extension. 


Natural History 


Lymphatic spread may be to subdigastric, posterior cervical, submaxillary, or 
preauricular nodes, as well as the nodes of Rouviere. 

The exact incidence of distant metastases is uncertain; it has been reported to be as 
high as 50%, but this rate is influenced by the use of chemotherapy in high-risk 
patients. 


Clinical Presentation 


Epistaxis and nasal blockage are the most common clinical symptoms (8). 
Local pain or headache, visual disturbances, rhinorrhea, tearing, proptosis, or 
swelling in the cheek may occur. 

Symptoms may be associated with a mass in the neck. 


Diagnostic Workup and Staging 


Table 28-1 outlines the suggested diagnostic workup. 

Physical examination may reveal the inferior aspect of a nasal polypoid friable mass. 
Ocular findings or a mass in the nasopharynx may be present. 

With early lesions, radiographs or CT may show only nonspecific opacification, soft 
tissue swelling, and occasionally, bone destruction. 

MRI, especially with gadolinium contrast, may be used as a supplement or alternative 
to CT scanning (45). 

A staging system has been proposed by Kadish et al. (Table 28-3) (31). 


Prognostic Factors 


Extension of primary tumor based on the Kadish staging system is the most important 
determinant of treatment outcome. 

High-grade tumors had worse outcomes in reports from the Mayo Clinic and 
University of California at Los Angeles (17,21). 


General Management 


Surgery alone appears to be adequate treatment for small, low-grade tumors 
confined to the ethmoids in which negative surgical margins can be obtained (43). 
An ethmoidomaxillary resection is usually necessary, with or without orbital sparing. 
This procedure is combined with preoperative or postoperative irradiation. 

Patients with locally advanced disease or high-grade tumors should receive 
aggressive treatment with combined modalities, such as surgery, irradiation, and 
chemotherapy (54). 

Chao et al. (8) showed that in 25 patients with esthesioneuroblastoma treated at the 
Mallinckrodt Institute of Radiology, the 5-year actuarial overall survival, disease-free 
survival, and local tumor-control rates were 66.3%, 56.3%, and 73.0%, respectively. 
The local control rates were 87.4% for the combination of surgery and radiation 
therapy and 51.2% for irradiation alone. With adjuvant radiation therapy, the surgical 
margin status did not influence local tumor control. Among the eight patients who 
received neoadjuvant chemotherapy, six patients showed no response, one had 
partial response, and one showed a complete response. 

For advanced lesions in which disseminated disease is likely, chemotherapy may 
decrease the incidence of distant metastases. 


Elective Neck Treatment 


In a literature review of 110 patients, 24 patients (22%) with esthesioneuroblastoma 
had metastatic disease, with cervical lymph nodes being the most common site (3). 
A retrospective review found that the cumulative cervical metastasis rate was 27% 
(55 of 207 patients) (13). 


e Because of the low incidence of cervical lymph node metastasis (=10%) in early- 
stage disease, elective irradiation of the neck or a dissection is not indicated. 
However, in patients with Kadish stage C disease, the cervical metastatic rate 
climbed to 44% (25 of 57 patients); in these patients, cervical nodes should be 
managed by irradiation, radical neck dissection, or a combination of both (13). 


Radiation Therapy Techniques 


e Acombination of photons and electrons with anterior fields provides good coverage 
for limited disease when the tumor is confined anteriorly. 

e For intracranial or posterior extension or tumor that has spread into the maxillary 
sinus, a pair of perpendicular (anteroposterior and lateral) portals with wedges, or two 
lateral wedge fields in conjunction with an open anterior photon field, will give good 
coverage of the treatment volume with the dose inhomogeneity around 10% to 20% 
(43). 

e The orbits can be spared or treated as the degree of extension dictates. 

Eye blocks must be positioned precisely to avoid undesirable side effects. 

e Occasionally, an anterior electron beam field may be needed to supplement low-dose 
areas. When the electron beam is used over air cavities, some dosimetry problems 
may result. 

e For extensive disease, a pair of wedged lateral and anterior portals gives the best 
uniform coverage. This beam arrangement can be modified for disease extending into 
the orbit or maxillary sinus. Obturator or bolus may be needed postoperatively to 
compensate for tissue deficit. 

e Techniques are similar to those described for treatment of paranasal sinuses 
(Chapter 21). 

e When combined therapy is used, preoperative doses of 45 Gy and postoperative 
doses of 50 to 60 Gy (1.8- to 2.0-Gy fractions) are indicated, depending on the status 
of the surgical margins. 

e High dose per fraction (exceeding 2 Gy) increases the possibility of late sequelae 
such as blindness and bone (or brain) necrosis. 

e Doses of 65 to 70 Gy are delivered with irradiation alone in patients with inoperable 
tumors. 

e Contrast-enhanced CT or MRI scans before initiation of treatment are crucial to 
demarcate extension of the tumor. Treatment planning with CT scanning for 
determination of tumor extension is extremely important (16). 

e Because of the proximity of esthesioneuroblastoma to the optic nerves, optic chiasm, 
and brainstem, the precision of treatment setup, tumor control and treatment 
sequelae are dictated by target volume definition and dose homogeneity. 

e Treatment techniques similar to those for paranasal sinuses may create "hot spots" 
along the optic tracks. 

e Three-dimensional treatment planning provides an alternative technique (Fig. 28-5). 
Incorporation of a vertex field eliminates the high inhomogeneous dose along the 
junction line of the conventional three-field technique. 
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Fig. 28-5: Coronal (A) and sagittal (B) three-dimensional dose distribution for patient with 
esthesioneuroblastoma involving right ethmoidomaxillary sinuses. 


Table 28-1: Diagnostic workup for glomus tumors of the ear and base of skull, 
hemangiopericytoma, esthesioneuroblastoma, extramedullary plasmacytoma, and 
sarcoma of the head and neck 


General 

History 

Physical examination 
Radiographic studies 


Computed tomography scan to define tumor extent and possible central nervous system 
involvement 


Plain radiographs, including temporal bone views 
Magnetic resonance imaging with gadolinium 


Arteriography to determine bilateral involvement and collateral cerebral blood flow 
(optional) 


Jugular phleborheography (optional) 

Laboratory studies 

Complete blood counts on admission 

Blood chemistries 

Urinalysis 

Special tests 

Audiograms to establish baseline hearing loss 

Histologic staining to determine presence of catecholamines 


Table 28-3: Kadish system for staging of esthesioneuroblastoma 


Stage Characteristic 

A Disease confined to the nasal cavity 

B Disease confined to the nasal cavity and one or more paranasal sinuses 
C Disease extending beyond the nasal cavity or paranasal sinuses; includes 


involvement of the orbit, base of skull or intracranial cavity, cervical lymph nodes, or 
distant metastatic sites 


From Kadish S, Goodman M, Wang CC. Olfactory neuroblastoma: a clinical analysis of 17 
cases. Cancer 1976;37:1571-1576, with permission. 


Extramedullary Plasmacytomas 


e Solitary plasmacytomas are rare tumors of plasma cell origin; multiple myeloma 
occurs approximately 40 times more frequently than solitary plasmacytoma. 

e The nasopharynx, nasal cavity, paranasal sinuses, and tonsils are the most common 
sites in the head and neck. 


Clinical Presentation and Diagnostic Workup 


e Usual criteria for solitary plasmacytomas (medullary or extramedullary) are a biopsy- 
proven plasma cell tumor with one or two (at the most) solitary foci, absence of 
Bence-Jones protein in the urine, bone marrow taken some distance from the primary 
site not involved by tumor (less than 10% of plasma cells), hemoglobin of 13 g per ml 
or more, and normal serum protein level or serum electrophoresis at the time of 
diagnosis. The diagnosis of solitary plasmacytoma is made by exclusion, by 
eliminating the possibility of multiple myeloma. 

e Approximately 20% to 30% of cases will convert to multiple myeloma (28). 

e Plasmacytomas tend to be sessile in the nasal cavity and paranasal sinuses and 
pedunculated in the nasopharynx and larynx. 

e Although some authors have reported that bone destruction adversely affects 
prognosis (1), it is not a particularly bad prognostic sign. 

e Cervical lymph node metastases follow the same pattern of spread as squamous cell 
carcinoma; the incidence is 12% to 26% (43). 

e Diagnostic workup for extramedullary plasmacytoma arising in the head and neck 
region is shown in Table 28-1. 


General Management 


e Pedunculated extramedullary plasmacytoma lesions may be treated by surgical 
excision because the chance of local recurrence is slight. 
e Treatment of choice for all other lesions is radiation therapy. 


Radiation Therapy Techniques 


e Techniques are similar to those for primary tumors in comparable locations 
(nasopharynx, tonsil, paranasal sinuses). 

e Solitary plasmacytomas respond well to doses of 50 to 60 Gy in 2-Gy fractions. 

e Local tumor control with irradiation alone is approximately 85%. 

e There is a high risk of local recurrence with tumor doses below 30 Gy and a negligible 
risk for those treated at or above 40 Gy (39). 


Nasopharyngeal Angiofibroma 


e Juvenile nasopharyngeal angiofibroma is found most frequently in young, pubertal 
boys. It is believed to originate from the broad area of the posterolateral wall of the 
nasal cavity where the sphenoidal process of the palatine bone meets the horizontal 
ala of the vomer and the roof of the pterygoid process (2). 


Clinical Presentation 


e Nasal obstruction or epistaxis followed by nasal voice or discharge, cheek swelling, 
proptosis, diplopia, hearing loss, and headaches are the most common complaints 
(11). 


e Anomalous sexual development has been noted. 


Diagnostic Workup 


e After a history and physical examination, CT scans, with and without contrast, should 
be obtained. The pattern of enhancement in this highly vascular tumor is diagnostic; 
many authors believe carotid angiograms are unnecessary (6) after CT diagnosis of 
the lesion, unless embolizations (which are also controversial) are contemplated. 

e |f intracranial extension is noted and radiation therapy is contemplated, no further 
studies are indicated. 

e If the lesion is extracranial and surgery is indicated, bilateral carotid angiograms will 
identify the feeding vessels and delineate the boundaries of the tumor. 

e Biopsies are not indicated in all patients because of the potential for severe 
hemorrhage. However, it is important to perform a biopsy of the lesion when the 
clinical picture (sex and age of patient, location and behavior of lesion) is not 
consistent with juvenile nasopharyngeal angiofibroma. 


Staging 


e Table 28-4 shows the staging system of Chandler et al. (7). 
e A radiographic staging system was proposed by Sessions et al. (46): 
Stage la is limited to the nasopharynx and posterior nares. 
Stage Ib extends to the paranasal sinuses. 
Stages Ila, b, and c extend to other extracranial locations. 
Stage III is intracranial. 


General Management 


e For extracranial tumors, surgery is the treatment of choice and yields near-zero 
mortality or long-term morbidity. 

e For intracranial tumor extension, which occurs in approximately 20% of patients, the 
risk of surgically related death increases. Most of these patients are best treated with 
irradiation. 

e Some authors recommend preoperative intraarterial tumor vessel embolization at the 
time of diagnostic bilateral carotid angiography, claiming a decrease in operative 
bleeding. 

e Although radiation therapy is equally effective in extracranial tumors, the low but 
existing risk of secondary malignancies should limit its use to the most advanced 


tumors only (11,50,53). 


Radiation Therapy Techniques 


e Megavoltage photon irradiation should be used; fields must be individualized to cover 
the tumor completely. 

e Treatment portals are similar to those used in carcinoma of the nasopharynx (without 
irradiating the cervical lymph nodes) or carcinoma of the paranasal sinuses when 
these structures or the nasal cavity is involved. 

e Opposing lateral portals are suitable in most patients; larger fields and compensators 
are used for tumors extending into the nose. 

e More extensive disease requires three-field or wedge-pair arrangements (11). 

e The eyes are protected in all cases. 

e Recommended tumor dose ranges from 30 Gy in 15 fractions in 3 weeks to 50 Gy in 
24 to 28 fractions in 5 weeks. 


e Atypical setup uses 6- to 18-MV photons to treat the lesion with parallel-opposed 
fields to 50 Gy (2-Gy fractions). 


Sequelae of Therapy 


e Surgical mortality increases with intracranial extension of the tumor. 

e Delayed growth secondary to hypopituitarism and decreased bone maturation are the 
most common irradiation sequelae (7). 

e Cataracts are seen infrequently. 

e There are four well-documented cases of radiation-induced sarcomas in these 
patients, with doses ranging from 66 Gy to more than 90 Gy (50). 


Table 28-4: Staging of nasopharyngeal angiofibromas 


Stage | (Confined to the nasopharynx 
Stage II Extension to nasal cavity and/or sphenoid sinus 


Stage Extension to one or more: antrum, ethmoid, pterygomaxillary and infratemporal 
III fossae, orbit, and/or cheek 


‘Stage Intracranial extension 
IV 


From Chandler JR, Goulding R, Moskowitz L, et al. Nasopharyngeal angiofibromas: staging 
and management. Ann Otol Rhinol Laryngol 1984;93:322, with permission. 


Nonlentiginous Melanoma 


e Malignant melanoma accounts for 11% of primary head and neck malignancies (43). 
e Ofall malignant melanomas, 20% to 35% are located in the head and neck area (27). 


Cutaneous Melanomas 


e The superficial spreading and nodular types of malignant melanoma have a 
metastatic potential of 10% to 30% and 50%, respectively (27). 

e A thorough evaluation with CT scans should determine whether there is intracranial 
or base of the skull involvement. 


Mucosal Melanomas 


e Primary mucosal melanomas of the head and neck area comprise 2% to 8% of the 
cases seen each year in the United States. 

e Metastatic melanoma to the mucosa of the head and neck area is uncommon; the 
most common sites are the larynx, tongue, and tonsil. 


Diagnostic Workup 


e An excisional biopsy should be performed when feasible due to possible local or 
metastatic spread secondary to a punch or incisional biopsy, although this has not 
been noted in cutaneous melanomas. 


Prognostic Factors 
e Greater than 0.5-mm invasion is a poor prognostic factor. 


e Lymph node involvement is not a prognostic factor. 
e Mucosal melanomas fare worse than their cutaneous counterparts. 


Management 


e Treatment of cutaneous melanoma typically has been wide excision of the lesion with 
a 3-cm margin, at minimum. More recently, margins of at least 2 cm have been used 
in the head and neck area, compared with wider margins for stage | melanomas, with 
equivalent success as noted by the local failure rate of 3% to 6% (52). 

e Dickson (15) treated 16 patients with nodular melanoma with local excision and 
postoperative irradiation (50 Gy in 10 fractions in 2 weeks); 14 had local tumor 
control, and 6 were alive and well 2 to 14 years after treatment. 

e Harwood (26) recommends treating these patients with 45 Gy in 10 fractions in 2 
weeks to 50 Gy in 15 fractions in 3 weeks. 

e Harwood (26) also reported results in 74 patients treated with three 8-Gy fractions 
given on days 0, 7, and 21 with shielding of the spinal cord, brain, and eye. Thirty 
were treated postoperatively after neck dissection because they had either 
extracapsular extension, multiple nodal involvement, a node greater than 3 cm, or 
residual disease. Tumor control in the neck was achieved in 26 of 30 patients (86.6%) 
with follow-up of 1 to 4 years. 

e Another approach to the treatment of recurrent or unresectable cutaneous 
melanomas is combined hyperthermia and high-fraction irradiation (18). 


Lentigo Maligna Melanoma 


e Lentigo maligna (Hutchinson's melanotic freckle or circumscribed precancerous 
melanosis of Dubreuilh) and its invasive counterpart, lentigo maligna melanoma 
(LMM), are well-recognized clinicopathologic entities. 

e Approximately one-third of lentigo maligna lesions, if left untreated, will transform into 
invasive LMM. 


Clinical Presentation and Diagnostic Workup 


e Superficial nodularity, hyperpigmentation of the skin, and eventual ulceration may 
develop as lentigo maligna lesions become more invasive. 

e The 10% regional and distant metastatic spread in LMM contrasts with the 25% 
metastatic tendency in nodular melanomas arising in superficial spreading 
melanomas and 50% metastatic spread in nodular melanomas arising de novo (43). 

e Biopsies of the lesion are required to obtain histopathologic confirmation of diagnosis. 
Careful physical examination must rule out any areas of extension or regional or 
distant spread. 

e Only one-third of pathologically proven LMMs show clinical evidence of nodular 
formation. 


General Management 


e Usual treatment of lentigo maligna and LMM is surgery, with approximately 1-cm 
margin of normal skin and skin grafting (if necessary). 

e Because of the low incidence of regional lymph node metastases, elective lymph 
node dissection is not indicated. 

e |In 26 patients with lentigo maligna and 19 patients with LMM treated with Mohs' 
microsurgery, all were free of local disease or metastases at an average of 29.2 
months (9). 

e Radiation therapy with various techniques has been used frequently to treat these 
patients, particularly those with larger lesions. 


Radiation Therapy Techniques 


e Asin other skin lesions, portals should be carefully designed to include the entire 
tumor with adequate margin (1 cm for lesions less than 2 cm; 2 cm for larger tumors). 


e Superficial x-rays (100 to 200 keVp) with adequate filtration or electrons (6 to 9 MeV) 
with appropriate thickness of bolus (approximately 1.5 cm) are adequate for most 
patients (12,27). 

e Doses of 45 to 50 Gy in 15 to 25 fractions delivered in 3 to 5 weeks will control 
disease in most patients. 

e Werecommend delivering 3.0 to 3.5 Gy three times weekly, every other day, to a 
total of 50 Gy, depending on size and thickness of the lesion. 

e Elective irradiation of the regional lymphatics is not necessary. 


Sarcomas of the Head and Neck 


e Sarcomas account for less than 1% of malignant neoplasms in the head and neck. 

e Histology includes osteosarcoma, angiosarcoma, chondrosarcoma, 
hemangiosarcoma, leiomyosarcoma, liposarcoma, malignant fibrous sarcoma, 
rhabdomyosarcoma, malignant schwannoma, neurofibrosarcoma, and synovial 
sarcoma. Fibrosarcoma and rhabdomyosarcoma are the most common types. 


Clinical Presentation and Diagnostic Workup 


e Clinical presentation varies with primary site of disease; distribution is 33% in the 
scalp or face, 26% in the orbit or paranasal sinuses, 14% in the upper aerodigestive 
tract including larynx, and 27% in the neck (43). 

e Tumors arising from the aerodigestive tract usually present with nasal bleeding, 
palpable mass in the neck, or difficulty in swallowing or breathing. 

e In tumors arising from the base of skull or the nerve sheath, cranial nerve deficit is the 
most common presentation. 

e Diagnostic workup is the same as for soft tissue sarcomas of other sites in the body. 

e Table 28-1 outlines the suggested diagnostic workup. 

e With early lesions, radiographs or CT may show only nonspecific opacification, soft 
tissue swelling, and occasionally, bone destruction. 

e MRI, especially with gadolinium contrast, may be used as a supplement or alternative 
to CT scanning (45), but a CT of the chest is mandatory for staging workup. 

e The American Joint Committee on Cancer staging system is the same as for 
sarcomas of the extremities (Chapter 56). 


Prognostic Factors 


e Prognostic factors for predicting local recurrence or disease-free survival include 
anatomic site, treatment modality, tumor histology, tumor size, extension of disease, 
and surgical margins (34). 


General Management 


e Surgery initially is the preferred treatment modality. Unfortunately, it is often difficult to 
achieve complete tumor resection; extracapsular enucleation of the tumor results in 
90% local recurrence. 

e Wide local excision, with a 5-cm margin around the pseudocapsule in extremity 
sarcomas, is associated with better outcome, although approximately 20% will have 
local recurrence. 

e Criteria for surgical resection are impractical for head and neck sarcomas; wide local 
excision is rarely possible because tumors extend beyond the confines of origin and 
in the proximity of vital neurovascular structures. 

e Asin soft tissue sarcomas in other locations, wide local excision with an adequate 
margin and preoperative or postoperative irradiation is recommended to avoid 
extensive surgery (35). 


Radiation Therapy Techniques 


e Complete coverage of the surgical bed and scar with adequate margins (3 to 5 cm) is 
required; however, because of the proximity of critical and radiosensitive organs 
(eyes, spinal cord, brainstem), selecting optimal portal margins without seriously 
compromising the functioning of these organs is an art (42). 

e Techniques similar to those used in epithelial tumors of the head and neck can be 
applied to sarcomas. 

e In general, 55 to 60 Gy in 1.8- to 2.0-Gy fractions is needed for postoperative 
adjuvant irradiation; an additional 10- to 15-Gy boost is recommended if the surgical 
margins are close or involved by tumor (44,55). 

e Some institutions prefer preoperative irradiation (45 to 50 Gy) (4). 

e Special attention should be paid to limit the dose to critical structures; use of a three- 
dimensional treatment technique is helpful. 

e The planning target volume should be approximately 1 cm. 


Table 28-1: Diagnostic workup for glomus tumors of the ear and base of skull, 
hemangiopericytoma, esthesioneuroblastoma, extramedullary plasmacytoma, and 
sarcoma of the head and neck 


General 
| History 

Physical examination 
[Radiographic studies 


Computed tomography scan to define tumor extent and possible central nervous system 
involvement 


Plain radiographs, including temporal bone views 
Magnetic resonance imaging with gadolinium 


Arteriography to determine bilateral involvement and collateral cerebral blood flow 
(optional) 


| Jugular phleborheography (optional) 
[Laboratory studies 
Complete blood counts on admission 
Blood chemistries 
Urinalysis 
Special tests 
| Audiograms to establish baseline hearing loss 
Histologic staining to determine presence of catecholamines 
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Anatomy 


e The thyroid gland consists of right and left lobes joined by an isthmus, which crosses 
the trachea at the second or third cartilaginous ring; a pyramidal lobe may extend 
superiorly from the isthmus or one of the thyroid lobes (Fig. 29-1). 
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Fig. 29-1: Anatomy (A) and lymphatic drainage (B) of the thyroid. (From Mahomer HR, Caylor HD, 
Schlottnauer CF, et al. Anat Rec 1927;36:341, with permission.) 


Natural History 


e Thyroid cancer represents 1.2% of all malignancies and accounts for 0.2% of cancer 
deaths in the United States (5). 

e There were estimated to be 17,200 new cases in 1998 (4,700 males and 12,500 
females) and 1,200 deaths (400 males, 800 females) (1). 


e Thyroid exposure to radiation, particularly before puberty, is the only well- 
documented etiologic factor: 25% of persons who receive 0.02 to several Gys of 
external irradiation develop goiters, and 25% of these, or 7% of all persons who 
receive thyroid irradiation, develop cancer, usually papillary adenocarcinoma (4). In 
two studies of patients with tonsillitis treated with x-rays, thyroid cancer developed in 
6% and 7%, respectively (3). 

e A linear, no-threshold model suggests that with less than 2,000 rem of external 
irradiation, children have absolute risks for thyroid cancer or nodules of 4.2 and 12.3 
cases per 10° persons per rem per year, respectively (8). 


Diagnostic Workup 


e No single factor, physical finding, or laboratory test is pathognomonic for detection of 
thyroid cancer, with the exception of serum calcitonin level for medullary thyroid 
cancer. 

e Standard radiographs: The most common feature associated with thyroid nodules is 
intraglandular calcification. 

e Radionuclide imaging: Iodine 131 ('*"l), iodine 125, iodine 123, and technetium 99m 
are most commonly used for thyroid imaging. Indications for imaging in suspected or 
proven thyroid cancer include anatomic and functional evaluation of palpable thyroid 
nodule, detection of occult or minimal cancer in high-risk patients, detection of 
primary tumor in a patient with known regional or distant thyroid metastases, 
detection of metastases, and assessment of therapeutic effects. Approximately 15% 
to 25% of single cold nodules are cancers; the other 75% to 85% are adenomas or 
colloid cysts. 

e Ultrasonography: \deally, ultrasonography is performed with a high-resolution, high- 
frequency (7.5 to 10.0 MHz) transducer. A cold nodule less than 4 cm in diameter on 
radionuclide imaging that appears cystic on ultrasound has less than 0.5% probability 
of being malignant, whereas a solid nodule on ultrasound has a 30% probability of 
being malignant (5). 

e Fine-needle aspiration biopsy: Best results are obtained with 1- to 3-cm nodules. This 
technique differentiates benign from malignant nodules and has as high as 95% 
accuracy (6). 


Staging System 


e The American Joint Committee on Cancer staging system for carcinoma of the 
thyroid is shown in Table 29-1. 


Table 29-1: American Joint Committee staging system for carcinoma of the thyroid 
Primary tumor (T) 


Note: All categories may be subdivided: (a) solitary tumor, (b) multifocal tumor (the largest 
determines the classification) 


TX Primary tumor cannot be assessed 

TO No evidence of primary tumor 

T1 Tumor =1 cm in greatest dimension, limited to the thyroid 

T2 Tumor >1 cm but not >4 cm in greatest dimension, limited to the thyroid 
T3 Tumor >4 cm in greatest dimension, limited to the thyroid 

T4 Tumor of any size extending beyond the thyroid capsule 


Regional lymph nodes (N) 
Regional lymph nodes are the cervical and upper mediastinal lymph nodes 
NX Regional lymph nodes cannot be assessed 


NO No regional lymph node metastasis 


N1 Regional lymph node metastasis 
Nia Metastasis in ipsilateral cervical lymph node(s) 
N1b Metastasis in bilateral, midline, or contralateral cervical or mediastinal 


lymph node(s) 
Distant metastasis (M) 


MX Distant metastasis cannot be assessed 
MO No distant metastasis 

M1 Distant metastasis 

Stage grouping 


Separate stage groupings are recommended for papillary and follicular, medullary, and 
undifferentiated 


<45 years 245 years 
Papillary or follicular 
Stage | Any T, any N, MO T1, NO, MO 
Stage Il Any T, any N, M1 T2, NO, MO 
T3, NO, MO 
Stage Ill T4, NO, MO 
Any T, N1, MO 
Stage IV Any T, any N, M1 
Medullary 
Stage | T1, NO, MO 
Stage Il T2, NO, MO 
T3, NO, MO 
T4, NO, MO 
Stage Ill Any T, N1, MO 
Stage IV Any T, any N, M1 


Undifferentiated (anaplastic) 
All cases are stage IV 


Stage IV Any T, any N, any M 


From Fleming ID, Cooper JS, Henson DE, et al., eds. AJCC cancer staging manual, 5th ed. 
Philadelphia: Lippincott-Raven, 1997:59-64, with permission. 


Pathologic Classification 
Differentiated Thyroid Cancer 


e Differentiated thyroid cancer consists of papillary, mixed papillary-follicular, and 
follicular adenocarcinoma. 

e It arises from thyroid follicular cells (endodermal origin) and can be treated with 
and thyroid hormone suppression. 

e Papillary cancer (including mixed papillary-follicular) represents 33% to 73% of 
malignant thyroid lesions and more than 90% of thyroid neoplasms found incidentally 
at autopsy. It occurs mostly in the third to fifth decades and is two to four times more 
common in women than in men. 


131) 


e Follicular cancer represents 14% to 33% of primary thyroid tumors and affects 
women two to three times more frequently than men. Average age at diagnosis is 50 
to 58 years; it rarely is seen in children. 


Medullary Thyroid Cancer 


e Medullary thyroid cancer is derived from parafollicular or C cells that arise from 
neuroectoderm; it accounts for 5% to 10% of all thyroid cancers. 


Anaplastic Cancer 


e Anaplastic cancer represents approximately 10% of all malignant thyroid lesions. 
e Patient age ranges from 40 to 90 years, and women outnumber men four to one. 
e Eighty percent of patients have a history of goiter. 


Prognostic Factors 


e Anaplastic carcinoma has dismal outcome. 

e Other high-risk factors for differentiated tumors include age older than 45 years, 
Hurthle-cell variety, extrathyroidal extension, tumor size exceeding 4 cm, and distant 
metastases. 

e Lymph node involvement is not a significant factor. 


General Management 
Differentiated Thyroid Cancer 


e Surgery: Recommended initial therapy is near-total or total thyroidectomy. After total 
thyroidectomy for papillary cancer, the recurrence rate was 7.1% and the death rate 
was 0.3%; with subtotal thyroidectomy, the rates were 18.4% and 1.5%, respectively 
(9). When both 1311 and thyroid hormone suppression were used after total 
thyroidectomy, the recurrence rate was 2.6%, and the death rate was 0%. Use of 
thyroid hormone alone resulted in 0% mortality, but the recurrence rate was 10%; 
without '°"l and thyroid hormone therapy, the rates were 40% and 13.3%, 
respectively (9). 

e Jodine 131: A guide to postoperative management and follow-up may be found in 
Figure 29-2. No studies have confirmed whether high or low ablation doses are 
preferable, but lower death and recurrence rates are seen when all traces of residual 
'S1 uptake are ablated (2,10). Use of 100 to 149 mCi as an empiric ablation dose is 
attractive, given its apparent success in eliminating residual "I uptake after a single 
dose (2). Thyroid-stimulating hormone levels may be elevated within 2 weeks of total 
or near-total thyroidectomy. Before '*'l is administered for whole-body imaging, initial 
ablation dose (if receiving thyroid medication after surgery), repeat ablation dose, 
thyroid hormone, or levothyroxine sodium must be discontinued for 2 to 3 weeks to 
allow blood level of thyroid hormone to decrease and thyroid-stimulating hormone 
level to rise to 30 IU per mL or greater, enabling maximum stimulation of '°"l uptake. 

e Thyroid hormone: Regardless of surgical procedure, all patients should be maintained 
on suppressive doses of long-acting thyroid medication between 131] treatments. 

e External-beam irradiation: This is used when the tumor does not take up 131, 
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Fig. 29-2: Flow diagram for the postoperative management and follow-up of differentiated thyroid 
cancer. (From Grigsby PW, Luk KH. Thyroid. In: Perez CA, Brady LW, eds. Principles and practice of 
radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:1157—1179, with permission.) 


Medullary Thyroid Cancer 


e Optimal management is early removal of the tumor, especially because medullary 
thyroid cancer can metastasize early regardless of whether the patient develops a 
virulent form of the disease. 

e "I (150 mCi) has been used to treat local medullary cancer after total thyroidectomy 
because it is taken up by the follicular cells and irradiates the adjacent C cells (7). 


Anaplastic Thyroid Cancer 


e A combination of surgery, irradiation, and chemotherapy (doxorubicin) produces the 
best results. 


Radiation Therapy Techniques 


e Definitive external irradiation requires careful treatment planning because high doses 
are needed and serious injuries may occur. 

e Generally, carcinomas require up to 70 Gy administered in 7.5 weeks, but 
lymphomas need only approximately 45 Gy in 4.5 to 5.0 weeks (Figs. 29-3 and 29-4). 


View Figure 


Fig. 29-3: Diagrams of portals used to treat thyroid carcinoma. Right: The (A) area represents the 
posterior mediastinal portal used to increase the dose to these structures after the tolerance dose of 
the spinal cord has been reached with large field (45 Gy). Left: Additional irradiation is also delivered 
through an anteroposterior portal in the (B) area to the thyroid. (From Grigsby PW, Luk KH. Thyroid. In: 
Perez CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: 
Lippincott-Raven, 1998:1157—1179, with permission.) 


View Figure 


Fig. 29-4: Anteroposterior simulation film of initial large field, including neck and mediastinum, in a 
patient with a large malignant lymphoma of the thyroid. (From Grigsby PW, Luk KH. Thyroid. In: Perez 
CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott— 
Raven Publishers, 1998:1157—1179, with permission.) 


Sequelae of Treatment 


e Acute radiation sickness (fatigue, headache, nausea, vomiting) may occur within 12 
hours after '*"| administration. 

e Sialadenitis (swelling and pain in salivary glands) occurs shortly after 
administration or hospital discharge in 5% to 10% of patients, and may last for a few 
days. 

e Transient hyperthyroidism may occur after massive thyroid tissue destruction and 
release into circulation of large amounts of thyroid hormone. 

e Radiation pneumonitis and pulmonary fibrosis have been associated with 
especially if there were diffuse functioning lung metastases. 

e Leukemia is rare (less than 2%). 
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Anatomy 


e = The right lung is composed of the upper, middle, and lower lobes, which are 
separated by the oblique (or major) and the horizontal (or minor) fissures. 

e The left lung is composed of two lobes separated by a single fissure. 

e = The lingular portion of the left upper lobe corresponds to the middle lobe on the right. 

e The trachea enters the superior mediastinum and bifurcates approximately at the 
level of the fifth thoracic vertebra. 

e = The hila contain the bronchi, pulmonary arteries and veins, various branches from the 
pulmonary plexus, bronchial arteries and veins, and lymphatics. 

e The lung has a rich network of lymphatic vessels that ultimately drain into various 
lymph node stations: the intrapulmonary lymph nodes, along the secondary bronchi 
or in the bifurcation of branches of the pulmonary artery; the bronchopulmonary 
lymph nodes, situated either alongside the lower portions of the main bronchi (hilar 
lymph nodes) or at the bifurcations of the main bronchi into lobar bronchi (interlobar 
nodes) (2); and the mediastinal lymph nodes. The mediastinal lymph nodes are 
divided into the superior nodes, which are above the bifurcation of the trachea 
(carina) and include the upper (paratracheal, pretracheal, retrotracheal) nodes, the 
lower (paratracheal) nodes (azygos nodes), and a group of nodes located in the 
aortic window; and the inferior nodes, which are situated in the subcarinal region and 
inferior mediastinum and include the subcarinal, paraesophageal, and pulmonary 
ligament nodes (Fig. 30-1) (8). 

e Lymph from the right upper lobe flows to the hilar and tracheobronchial lymph nodes. 
Lymph from the left upper lobe flows to the venous angle of the same side and to the 
right superior mediastinum. 

e = The right and left lower lobe lymphatics drain into the inferior mediastinal and 
subcarinal nodes and from there to the right superior mediastinum (the left lower lobe 
also may drain into the left superior mediastinum) (35). 
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Fig. 30-1: Regional lymph node stations for lung cancer staging. (From Mountain CF, Dresler CM. 
Regional lymph node classification for lung cancer staging. Chest 1997;111:1718—1723. Modified 
from Naruke T, Suemasu K, Ishikawa S. Lymph node mapping and curability of various levels of 
metastasis in resected lung cancer. J Thorac Cardiovasc Surg 1978;76:832—839; and American 
Thoracic Society. Clinical staging of primary lung cancer. Am Rev Respir Dis 1983;127:1—6; with 
permission.) 


Natural History 


e The pattern of spread may be local (intrathoracic), regional (lymphatic), or distant 
(hematogenous). 

e Small cell carcinomas have a higher incidence of distant metastasis than non-small 
cell cancers; of the latter, adenocarcinoma has the highest potential for distant 
metastasis. 

e The incidence of nodal involvement is lowest in lobectomy series (37%) and highest 
in necropsy series (94%). 

e Hilar lymph node metastases from lung cancer occur in approximately 60% of right 
upper lobe and middle lobe lesions and 75% of lower lobe tumors. 

e Mediastinal nodal involvement, which has been studied in both surgical (early cases) 
and autopsy series, occurs in 40% to 50% of operative specimens (2). 

e The incidence of scalene (supraclavicular) nodal involvement is 2% to 15%, 
predominantly from ipsilateral upper lobes or in patients with superior mediastinal 
metastases. 

e Hematogenous spread with multiple-organ involvement is frequent. The most 
common metastatic sites are lung, liver, brain, and bone. 


e Adrenal metastasis has been reported in 27% of patients with epidermoid carcinoma, 
35% to 40% of patients with small or large cell undifferentiated carcinoma, and 43% 
of patients with adenocarcinoma (8). 

e Abdominal lymph nodes are involved in over 50% of patients with small cell 
undifferentiated carcinoma. 


Clinical Presentation 


e Cough is a major symptom in 75% of patients and is severe in 40%. 

e Hemoptysis occurs in 57% of patients. 

e Dyspnea and chest pain also are common symptoms, resulting from involvement of 
the pleura, chest wall, or mediastinal structures. 

e Nonspecific, initial symptoms such as weight loss, weakness, anorexia, and malaise 
occur in 10% to 15% of patients. Febrile respiratory episodes are less common 
(4,31). 

e Tumors located in the apex of the lungs may involve cervical and thoracic nerves, 
resulting in Pancoast's or superior sulcus tumor syndrome (37). 

e Sympathetic nerve involvement results in Horner's syndrome (enophthalmos, ptosis, 
meiosis, and ipsilateral loss of sweating). 

e Involvement of the recurrent laryngeal nerve may lead to hoarseness; this is more 
common with tumors of the left lung. 

e Involvement of the phrenic nerve can result in dyspnea and paralysis of the 
hemidiaphragm. 

e Dysphagia may result from compression of the tumor on the esophagus. 

e Primary tumors located in the right lung or metastatic tumors in the right mediastinal 
lymph nodes may cause superior vena cava syndrome. 

e Secondary tumor effects (paraneoplastic syndromes) are sometimes seen (4). 


Diagnostic Workup 


e Routine chest x-ray is the most common radiologic examination. 

e Computed tomography (CT) is the most valuable radiologic study for evaluation, 
staging, and therapeutic planning of lung cancer, but it cannot differentiate 
inflammatory disease from neoplasia. 

e Mediastinal nodes less than 1 cm in diameter are considered unlikely to contain 
metastatic disease. Nodes 1 to 2 cm are intermediate, and those larger than 2 cm in 
a patient with bronchogenic carcinoma almost certainly are metastatic (17). 

e Positron emission tomography (PET) scanning increasingly is used to determine the 
malignant nature of suspicious lesions, to more accurately define tumor extent, 
including lymph node involvement (9,25,26,54), and to aid in three-dimensional 
conformal radiation therapy (3-D CRT) treatment planning (32). 

e Studies have uniformly shown improvements in sensitivity and specificity for staging 
of individual patients ranging from approximately 60% to more than 85%, particularly 
if the PET scans were read in conjunction with the CT scans (53). 

e Kalff et al. (22) prospectively studied 105 patients with non-small cell lung cancer to 
assess the impact of 18 F-fluorodeoxyglucose PET on clinical management. PET 
influenced the radiation delivery in 22 (65%) of 34 patients receiving definitive 
radiotherapy. Twelve patients considered probably inoperable on conventional 
imaging studies were downstaged by PET and underwent potentially curative 
surgery. CT and PET understaged 3 of 20 surgical patients, and PET missed one 
small intrapulmonary metastasis apparent on CT. No pathological N2 disease was 
missed on PET. 

e Multiple radionuclide scanning (liver-spleen, brain, or bone) as part of the workup is 
not indicated in the absence of signs or symptoms of the specific organ. 

e A brain CT scan frequently is used in the workup of small cell carcinoma. 

e Pulmonary function tests are important predictors of the patient's ability to undergo 
surgical resection or withstand irradiation. 

e Sputum cytology has diagnosed malignancy in 65% to 75% of patients. 


e Bronchoscopic examination provides important data, even in the presence of 
preoperative cytologic proof of cancer. 

e Inpatients with suspicious, undiagnosed peripheral lung lesions seen on x-ray films, 
percutaneous biopsy can be performed under fluoroscopic control. 

e Other procedures used in establishing the diagnosis are mediastinoscopy, scalene 
node biopsy, exploratory thoracotomy, and biopsy of any accessible metastatic site. 


Staging 


e The American Joint Committee on Cancer has adopted the tumor node-metastasis 
staging system as proposed by Mountain (30) (Table 30-1). 


Table 30-1: Staging system for lung cancer 
Primary tumor (T) 


TX Primary tumor cannot be assessed, or tumor proven by presence of malignant 
cells in sputum or bronchial washings but not visualized by imaging or 
bronchoscopy 

TO No evidence of primary tumor 

Tis Carcinoma in situ 

T1 Tumor £3 cm in greatest dimension, surrounded by lung or visceral pleura, 
without bronchoscopic evidence of invasion more proximal than the lobar 
bronchus 

T2 Tumor with any of the following features of size or extent: 


>3 cm in greatest dimension 
Involves main bronchus, 22 cm distal to the carina 
Invades the visceral pleura 


Associated with atelectasis or obstructive pneumonitis that extends to the hilar 
region but does not involve the entire lung 


T3 Tumor of any size that directly invades any of the following: chest wall 
(including superior sulcus tumors), diaphragm, mediastinal pleura, parietal 
pericardium; or tumor in the main bronchus <2 cm distal to the carina but 
without involvement of the carina; or associated atelectasis or obstructive 
pneumonitis of the entire lung 


T4 Tumor of any size that invades any of the following: mediastinum, heart, great 
vessels, trachea, esophagus, vertebral body, carina; or tumor with a malignant 
pleural effusion 


Lymph nodes (N) 


NX Regional lymph nodes cannot be assessed 

NO No regional lymph node metastasis 

N1 Metastasis in ipsilateral peribronchial or ipsilateral hilar lymph nodes, including 
direct extension 

N2 Metastasis in ipsilateral mediastinal or subcarinal lymph node(s) 

N3 Metastasis in contralateral mediastinal, contralateral hilar, ipsilateral or 


contralateral scalene or supraclavicular lymph node(s) 
Distant metastasis (M) 


MX Presence of distant metastasis cannot be assessed 
MO No distant metastasis 
M1 Distant metastasis 


Stage grouping 


Occult TX NO MO 
carcinoma 
0 Tis NO MO 
| T1 NO MO 
T2 NO MO 
II T1 N1 MO 
T2 N1 MO 
IHA T1 N2 MO 
T2 N2 MO 
T3 NO MO 
T3 N1 MO 
T3 N2 MO 
IIIB Any T N2 MO 
T4 Any N MO 
IV Any T Any N M1 


From Mountain CF. A new international staging system for lung cancer. Chest 1986;89(Suppl 
4):225S—2335S, with permission. 


Pathologic Classification 


e Primary lung carcinoma is divided into non-small cell carcinoma (including squamous 
cell, large cell undifferentiated, and adenocarcinoma) and small cell carcinoma. 

e It is generally believed that epidermoid carcinoma has the best prognosis, followed by 
adenocarcinoma, undifferentiated large cell carcinoma, and small cell carcinoma. 


Prognostic Factors 


e Tumor size, stage, histologic type, performance status (Karnofsky score), and weight 
loss are the most important prognostic factors affecting survival. 

e New genetic prognostic factors include mutations in the K-ras oncogene, deletion of 
tumor suppressor genes (p53 gene), presence of N-cam expression as measured by 
Mab immunostaining, and elevated serum levels of neuron-specific enolase. 


General Management 
Non-Small Cell Lung Cancer 


e The first management step for non-small cell lung cancer is to decide whether the 
treatment aim is definitive or palliative and whether the tumor is resectable or 
unresectable. 


Resectable Tumors 


e Non-small cell carcinoma of the lung should be treated surgically, if resectable. 


Preoperative Irradiation or Chemoirradiation 


Several collaborative studies failed to show significant improvement in survival with 
use of preoperative irradiation (51). 

Patients with stage II (T1 to T2, N1) disease, who have projected survival rates of 
25% to 50%, may benefit from neoadjuvant or adjuvant chemotherapy (20), as will 
those with stage III disease. 


Postoperative Radiation Therapy 


Postoperative irradiation has been advocated for positive or close surgical margins or 
positive hilar or mediastinal lymph nodes. 

Tumor doses of 60 to 70 Gy in 2-Gy fractions are usually recommended. 

If a complete and thorough resection of mediastinal nodes is performed during 
thoracotomy and all nodes are negative, the course of postoperative irradiation for 
positive or close surgical margins can be directed to only a small volume related to 
the primary tumor; the lymph-bearing areas are not prophylactically treated. 

Patients who undergo complete surgical resection of a T2 or T3 primary tumor have a 
high incidence of hilar or mediastinal nodal involvement. 

Some studies have reported the potential benefits of postoperative adjuvant 
irradiation, chemotherapy, or both. Data from randomized trials have shown efficacy 
in reducing intrathoracic failures in patients with stage II or III epidermoid carcinoma. 
A metaanalysis demonstrated lower survival in patients receiving postoperative 
irradiation; this was related to greater irradiation sequelae. Data on 2,128 patients 
from nine randomized trials were analyzed: 1,056 patients were treated with 
postoperative radiotherapy and 661 with surgery alone. Median follow-up was 3.9 
years for surviving patients. The results showed a significant adverse effect of 
postoperative radiotherapy on survival: an absolute detriment of 7% at 2 years anda 
reduction of overall survival from 55% to 48%. Subgroup analyses suggest that this 
adverse effect was greatest for patients with stage | or Il, NO to N1 disease, whereas 
for those with stage IIl, N2 disease there was no evidence of an adverse effect 


(29,41). 


Postoperative Chemotherapy or Chemoirradiation 


Chemotherapeutic agents frequently used in the treatment of patients with non-small 
cell lung cancer include cisplatin, carboplatin, vindesine, and etoposide. 

At 5 years, metaanalysis revealed a 5% reduction in the absolute risk of death in 
patients treated with postoperative cisplatin-based chemotherapy versus surgery 
alone (p = .08) (49). 

A 2% absolute reduction in risk of death was found in patients treated with 
postoperative cisplatin-based chemotherapy and irradiation compared with irradiation 
only (p = .46) (49). 

Every effort should be made to accrue patients to well designed, controlled national 
protocols to determine the best therapy for these patients. 


Unresectable Tumors 


Definitive radiation therapy is indicated for approximately 40% of patients presenting 
with newly diagnosed non-small cell lung cancer; most have locoregionally advanced 
lung cancer (stage IIIA or IIIB). 

Medically inoperable patients with early-stage non-small cell lung cancer and those 
with locally recurrent (confined to chest) non-small cell lung cancer after surgery are 
treated with irradiation alone. 

The standard of care was established by the Radiation Therapy Oncology Group 
(RTOG) 73-01 dose-escalation trial (39). Complete and partial response rates were 
48% with 40 Gy, 53% with 50 Gy, and 56% with 60 Gy. The incidence of local failure, 
evaluated clinically, was lower in patients treated to 60 Gy (33%) versus 50 Gy (39%) 
versus 40 Gy (44% to 49%). Standard of care includes doses up to 70 Gy to gross 
tumor with reduced fields. 


e Altered fractionation radiation therapy is not considered the "standard of care" at 
present, although it is under further investigation. Several RTOG trials showed no 
significant improvement in survival. Continuous hyperfractionated accelerated 
radiation therapy resulted in a 22% reduction in relative risk of death in 563 patients 
with locally advanced non-small cell lung cancer (42). 

e No clear benefit to altered fractionation has been demonstrated. When used in 
combination with chemotherapy, there may be an advantage because of synergy and 
fewer breaks in therapy administration. 


Chemoirradiation 


e Combined chemotherapy and irradiation (conventional or hyperfractionated) is now 
considered the treatment of choice for locally advanced, inoperable non-small cell 
lung cancer patients with good performance status and absence of weight loss or 
those without other medical contraindications to chemotherapy (21). 

e Sequential cisplatin/vinblastine chemotherapy for two cycles, followed by irradiation 
(60 Gy in 6 weeks) has shown 11% to 13% improvement in 2-year survival compared 
with 60 Gy alone (7,44). 

e Several phase II studies have been reported or are currently in progress with new 
cytotoxic agents, including docetaxel (36), paclitaxel, gemcitabine hydrochloride (52), 
vinorelbine tartrate, irinotecan hydrochloride, and topotecan hydrochloride. 

e Further efforts to improve local control and decrease distant metastasis have led 
investigators in three main directions: concurrent cisplatin-based chemotherapy and 
irradiation; combined chemotherapy and hyperfractionated irradiation; and new 
chemotherapeutic agents combined with irradiation. 

e Inpatients who required palliative treatment but were unsuitable for definitive 
radiation, a shorter hyperfractionation schedule (32.0 Gy in 1.2-Gy b.i.d. fractions) 
provided comparable symptomatic relief and 1-year survival as a regimen of 60 Gy in 
30 fractions, 2 Gy per day (38% and 36% 1-year survival rates, respectively) (34). 


Small Cell Carcinoma 


e Small cell carcinoma is sensitive to many chemotherapeutic agents; multiagent drug 
combinations are more effective than single agents (12). 

e Initial chemotherapy induces complete response in 40% to 68% of patients with 
limited disease and 18% to 40% with extensive disease (12). 

e Ametaanalysis of 13 prospective randomized trials showed that thoracic irradiation 
resulted in a 14% reduction in the mortality rate (40). 

e There has been recent interest in the inclusion of surgery in the multidisciplinary 
management of limited small cell carcinoma; however, prospective studies have 
shown that few of these patients are candidates for thoracotomy before or after 
chemotherapy (13). 


Sequence of Irradiation and Chemotherapy 


e Most randomized trials show no benefit of thoracic irradiation when administered after 
chemotherapy. However, an advantage is seen when irradiation is given early in the 
course of or concurrently with chemotherapy (8). 

e Two approaches to the timing of thoracic irradiation are acceptable: 


1. Concomitant chemotherapy and thoracic irradiation (45 to 60 Gy). Chemotherapy 
must not contain doxorubicin or methotrexate, as these are associated with higher 
complication rates when combined concurrently with irradiation. 

2. Multiagent chemotherapy for four to six cycles, followed by thoracic irradiation in all 
patients who have no distant metastasis on staging reevaluation. At Washington 
University, St. Louis, MO, we administer 50 Gy to patients with complete response 
and 60 to 66 Gy in 1.8- to 2.0-Gy fractions to those with partial response. 


Elective Cranial Irradiation 


e The incidence of brain metastasis in small cell carcinoma of the lung is as high as 
50%. The actuarial incidence has been projected to be as high as 80% in patients 
surviving for 5 years. 

e Elective whole-brain irradiation decreases the overall incidence of intracranial 
metastasis to below 5%; usual doses are 30 to 35 Gy delivered in 2.0- to 2.5-Gy 
fractions. 

e Prophylactic irradiation provides no survival advantage. 


Conventional Radiation Therapy Techniques 
Volume, Portals, and Beam Arrangements 


e The volume to be treated and configuration of the irradiation portals are determined 
by size and location of the primary tumor, areas of lymphatic drainage, histologic 
type, and equipment and beam energies available. 

e Treatment portals are designed with a 2-cm margin around any gross tumor and 
approximately 1-cm margin around electively treated regional lymph node areas. 

e Several reports (18,24,47) on a limited number of selected patients with clinical stage 
| non-small cell lung cancer support omitting elective irradiation of regional 
lymphatics, with tumor control and survival equivalent to those in patients irradiated to 
the regional nodes. 

e İrregularly shaped fields are preferred; special secondary blocking is required to 
spare as much normal tissue as possible (Fig. 30-2). 

e Multiple beams and oblique portals deliver adequate tumor dose while keeping the 
spinal cord dose below 45 Gy. Examples of oblique portal simulation films are shown 
in Figure 30-3. Off-cord oblique fields sometimes do not include the entire 
mediastinum (6). 

e The sloping surface of the chest results in varying source to tumor distances over the 
treatment field and produces a nonuniform dose distribution; this is corrected by use 
of compensating filters (Fig. 30-4). 

e Lateral portals are used at some institutions to deliver supplemental doses of 
irradiation to the primary tumor and hilar and mediastinal lymph nodes. However, 
because of the lateral thickness of the chest, relatively significant doses of irradiation 
may be delivered to the normal lung with this technique, depending on the dose from 
the lateral portals. 

e Use of a posterior spinal cord block (5 half-value layers, 2 cm wide) should be 
strongly discouraged because this results in underdosage of the mediastinum. 

e 3-D CRT increasingly is being used to enhance dose delivery to the gross tumor. The 
volume of normal lung receiving elective irradiation has been reduced. The potential 
benefits of 3-D CRT are currently being investigated in prospective trials. 
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Fig. 30-2: Examples of portals used for irradiation of non-small cell carcinoma of lung, depending on 
anatomic location of the primary. Portal for gross tumor boost (primary and grossly enlarged lymph 
nodes) should be tailored based on tumor location and the amount of normal lung tissue irradiated. 


Fig. 30-3: A and B: Examples of oblique portals. These portals usually are selected to spare spinal cord 
and minimize irradiated normal lung volume. (From Emami B, Graham MV. Lung. In: Perez CA, Brady 
LW, eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 
1998:1181-1220, with permission.) 


WITHOUT COMPENSATING FILTER WITH COMPENSATING FILTER 


Fig. 30-4: A: Dose distribution in sagittal plane of chest showing increased dose to spinal cord, 
particularly at the thoracic inlet because of the sloping anterior surface of the chest. B: Effect of 
compensating filter in normalizing dose in the chest, thus sparing the spinal cord at the thoracic inlet. 
(From Perez CA, Purdy JA, Razek A. Radiation therapy of carcinoma of the lung and esophagus. In: 
Levitt S, Tapley N, eds. Technological basis of radiation therapy: practical clinical applications. 
Philadelphia: Lea & Febiger, 1984, with permission.) 


Tumor Doses 


e Inpatients with non-small cell carcinoma, tumor doses of 50.0 to 79.2 Gy in 1.8- to 
2.0-Gy fractions have been used, depending on tumor stage, patient status, and 
fractionation of irradiation (Fig. 30-5). 

e Most split-course fractionation schedules deliver 25- to 30-Gy tumor dose (2.5- to 3.0- 
Gy fractions) in 2 to 3 weeks, with a 2- to 4-week rest period between the two split 
courses. 

e Multiple daily fractions (1.2 to 1.5 Gy) have been advocated to deliver higher doses 
(79.2 Gy) of irradiation to the tumor without increasing morbidity in the normal tissues. 

e Accelerated fractionation (1.5 to 1.6 Gy b.i.d. or t.i.d.) to deliver from 50.0 to 79.2 Gy 
has been tested in phase II, nonrandomized studies with results comparable to other 
RTOG studies (19). 


Fig. 30-5: Examples of external-beam treatment plans. A: lsodose curves for treatment of a patient 
with a right lower lobe lesion and gross right hilar node on CT scan. Small right posterior oblique portal 
directed to both the primary tumor and node delivers 75 Gy to the primary tumor and 65 Gy to the 
gross nodal disease. The dose to the spinal cord was limited to 45 Gy; a minimal volume of normal 
lung was irradiated to a high dose. B: Isodose curves of patient with large left upper lobe lesion. Two 
left posterior oblique portals were used, each encompassing the gross tumor volume with a small 
margin, thus limiting the volume of normal lung in the high-dose area. The spinal cord dose was less 
than 45 Gy. (From Emami B, Graham MV. Lung. In: Perez CA, Brady LW, eds. Principles and practice 
of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:1181—1220, with permission.) 


Three-Dimensional Conformal Radiation Therapy 


e 3-D CRT techniques for irradiation of lung cancer, which may allow delivery of higher 
doses with less morbidity, have been described in detail (1,15). 

e Proper lung window settings must be used during the delineation of gross, primary, 
and nodal tumor disease. 

e A significant problem in defining gross tumor volume (GTV) is distinguishing between 
actual tumor and postobstructive atelectasis or pneumonitis. Significant interclinician 
variability in contouring target volumes has been reported (45). Consultation with a 
diagnostic radiologist is invaluable. Imaging modalities such as magnetic resonance 
imaging or PET scanning may further improve tumor definition (32). 

e The clinical target volume (CTV) is difficult to ascertain in carcinoma of the lung. In 
general, we do not add a significant CTV margin to the primary GTV. 

e Ina study of lung cancer surgical specimens, Giraud et al. (11) concluded that 
margins of 6 mm for adenocarcinoma and 8 mm for squamous cell carcinoma around 
the GTV are necessary to include microscopic tumor (CTV) in 95% of patients. 

e If the ipsilateral or mediastinal lymph nodes are to be treated, they should be included 
in the CTV. Regional lymph nodes are included in the GTV only if they are larger than 
1.5 cm, in which case the probability of having pathologic involvement is 
approximately 90% (Fig. 30-6). 

e Organs at risk that must be contoured generally include the lungs, heart, spinal cord, 
esophagus, liver, brachial plexuses, and skin surface. 

e To achieve the desired dose distribution, anteroposterior/posteroanterior fields 
typically are used for the initial stages of treatment, followed by oblique fields, and 
later, for additional reduced volume, oblique fields. 

e Dose prescription for the initial primary tumor and nodal volume is approximately 50 
Gy; for the PTVs, which includes primary tumor or enlarged ipsilateral or mediastinal 


lymph nodes, the dose ranges from 65 to 80 Gy (the latter in dose-escalation 
protocols). 

It is important to take into account the motion of the intrathoracic tumor and normal 
organs during respiration when the PTV and the treated volume are outlined. Several 
systems are being evaluated to reduce this uncertainty, including active breathing 
control (55), a real-time, tumor-tracking system (46), and deep-respiration breath 
holding (28). 

In the analysis of dose distribution and dose-volume histograms, special attention is 
paid to coverage of the target volume and the volume of normal tissues receiving 
specific doses. Because the lungs have a low threshold for radiation tolerance (20 
Gy), efforts have been made to decrease lung dose by omitting the elective nodal 
target or choosing to underdose electively treated primary tumor and nodal volume 
areas (15,50). 

The most important prognostic factors in predicting pneumonitis in 100 patients 
treated with 3-D CRT were percent volume of total lung receiving a dose greater than 
20 Gy, total-lung mean dose, and location of the primary tumor (upper or lower lobe). 
There was a strong correlation between percent volume of total lung receiving a dose 
greater than 20 Gy and severity of pneumonitis (16). 

Intensity-modulated radiation therapy, using biophysical or biologic objective function 
models, limits target dose inhomogeneities; this allows dose escalation, which 
increases the probability of uncomplicated local tumor control (5). 
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Fig. 30-6: A: Example of three-dimensional conformal technique anteroposterior and left anterior 
oblique portals used to treat a large mass in right upper lobe and mediastinal node. B: Virtual 
simulation (bottom) and three-dimensional dose distribution outlining volume receiving 70 Gy to 


primary tumor and 50 Gy to mediastinum. C: Selected dose-volume histograms. 
Brachytherapy 


e Brachytherapy is considered a suitable alternate treatment for localized, large, 
unresectable cancers or as a boost (three 5-Gy fractions or one 10-Gy fraction) in 
combination with external irradiation (27,33,48). 

e Indications include thoracic symptoms (dyspnea due to endobronchial tumor or 
obstructive pneumonia), previous high-dose irradiation to the chest, and 
endobronchial or endotracheal lesion as determined by bronchoscopy. 

e Brachytherapy may be administered by permanent iodine 125 interstitial implants 
performed intraoperatively, removable iridium 192 implants through intraoperative 
insertion of Teflon catheters in the tumor, or intrabronchial low- or high-dose-rate 
iridium 192 implants (43). 


Superior Sulcus Lung Carcinoma 


e These tumors have traditionally been treated by preoperative irradiation with doses of 


30 to 50 Gy, followed by en bloc resection (37). 
e With definitive irradiation doses (65 to 70 Gy) and adequate portals, results are 
comparable to those obtained with preoperative irradiation and surgery (23). 


e Portals include the ipsilateral supraclavicular node, adjacent vertebral body, upper 
lobe, upper mediastinal nodes, and ipsilateral hilar nodes. 

e Inclusion of subcarinal nodes and, therefore, the level of the inferior border on portals, 
is controversial. 

e Interstitial radiation therapy also has been used. 


Superior Vena Cava Syndrome 


e Superior vena cava syndrome is a medical emergency occasionally seen in patients 
with malignant neoplasia; it requires immediate therapeutic action. 

e Most cases (80%) of superior vena cava syndrome result from bronchogenic 
carcinoma. Malignant lymphoma represents 10% to 18% of the cases, and benign 
causes, such as goiter, account for 2% to 3%. 

e Radiation therapy should be initiated as soon as possible, sometimes without a 
definitive histologic diagnosis. 

e Patients initially should be given high-dose fractions (4-Gy tumor dose) for 2 or 3 
days, followed by additional daily doses of 1.8 to 2.0 Gy to complete definitive 
irradiation. 

e The recommended total dose for patients with localized bronchogenic carcinoma is 
60 to 70 Gy in 6 to 7 weeks; patients with malignant lymphoma should receive 40 to 
45 Gy. 

e Inpatients with small cell carcinoma presenting with superior vena cava syndrome, 
the mode of initial therapy is controversial; both irradiation and chemotherapy are 
effective. 

e Radiation therapy portals should encompass the mediastinal, hilar, and any adjacent 
pulmonary parenchymal lesions. Supraclavicular nodal areas also should be 
included. 

e Techniques are similar to those described for primary bronchogenic carcinoma. 


Sequelae of Therapy 
Acute Sequelae 


e Acute toxicities (occurring during the course of irradiation or within 1 month after its 
completion) include esophagitis, cough, skin reaction, and fatigue. 

e Acute radiation esophagitis usually begins in the third week of radiation therapy, at 
approximately 30 Gy. The combination of irradiation and chemotherapy may increase 
the incidence of esophageal sequelae. 

e Treatment for acute esophagitis includes mucosal anesthetics (viscous lidocaine) and 
agents that coat the irritated surfaces (Suspension or liquid antacids). Liquid 
analgesics frequently are required, especially with combined chemotherapy and 
thoracic irradiation. If symptoms do not improve and nutritional status is 
compromised, a nasogastric tube, temporary gastrostomy, or intravenous 
hyperalimentation may be necessary. Superimposed moniliasis should be ruled out; if 
present, it should be treated with appropriate medication (nystatin [Mycostatin]). 

e Cough is common (probably secondary to bronchial mucosal irritation) but usually not 
severe. Antitussive therapy with or without codeine phosphate is usually effective. 

e Treatment of the acute phase of radiation pneumonitis includes absolute bed rest, 
use of bronchodilators, and corticosteroid therapy. In severe cases, it may be 
necessary to use positive pressure oxygen. Antibiotics are not indicated until there is 
associated secondary infection. After control of acute symptoms, corticosteroid use 
should be tapered over a period of several weeks; abrupt discontinuation of steroids 
may result in activation of subclinical radiation injuries in the lung. 

e Lhermitte syndrome, observed in 10% to 15% of patients, is transient and of no 
Clinical significance. 

e With megavoltage therapy, skin reaction is mild to moderate; topical moisturizing 
creams or ointments may relieve itching and dryness. 


Late Sequelae 


e Late sequelae include pneumonitis and pulmonary fibrosis (both symptomatic and 
radiographic), esophageal stricture, cardiac sequelae (pericardial effusion, 
constrictive pericarditis, cardiomyopathy), spinal cord myelopathy, and brachial 
plexopathy. 

e The most frequently reported sequelae in the RTOG trials were pneumonitis 
(approximately 10% grade 2 and 4.6% grade 3) and pulmonary fibrosis 
(approximately 20% grade 2 and 8% grade 3 or greater) (38). 

e The threshold dose for radiation pneumonitis is approximately 20 to 22 Gy. The 
incidence and degree of radiation pneumonitis depend on the total dose, 
fractionation, and volume of lung irradiated (16). 

e Long-term esophageal problems such as stenosis, ulceration, perforation, and fistula 
formation are seen in 5% to 15% of patients. Graham et al. (unpublished data) 
showed that the volume of esophagus receiving doses higher than 55 Gy correlated 
with an increased incidence of esophageal sequelae (i.e., strictures) in patients 
treated with 3-D CRT. 

e The suggested dose is 63 Gy in 30 fractions for 5% incidence of esophageal injury 
and 66.5 Gy (30 fractions) for a 50% incidence (14). Late esophageal complications 
increase with cisplatin-based chemotherapy given concurrently with brachytherapy 
(10). 

e A combination of carboplatin and conventional or accelerated fractionation resulted in 
greater hematologic and esophageal morbidity compared with irradiation alone (3). 

e Radiation-induced cardiac disease after irradiation for lung cancer is relatively rare; 
pericarditis is most common. Certain chemotherapeutic agents, such as doxorubicin, 
have synergistic cardiotoxicity with radiation. Extreme caution is required when 
irradiation is combined with such drugs. 

e Spinal cord myelopathy may occur with doses higher than 45 Gy in 1.8- to 2.0-Gy 
fractions; factors important in its causation are total irradiation dose, length of the 
irradiated cord, and fractionation schedule. 
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Anatomy 


e The boundaries of the mediastinum are the thoracic inlet superiorly (at level of first 
thoracic vertebra and first rib), diaphragm inferiorly, sternum anteriorly, vertebral 
column posteriorly, and parietal pleura laterally. 

e The mediastinum is divided into anterior, medial, and posterior compartments. Some 
suggest that the superior mediastinum is a separate compartment, whereas others 
include it in the anterior mediastinum. 

e Tumors arising in the mediastinal compartments are listed in Table 31-1. 

e In adults, most thyroid tumors, thymomas, mediastinal germ cell tumors, and 
teratomas are located in the superior and anterior mediastinum. Eighty percent of 
neurogenic tumors are located in the posterior mediastinum, and 50% of mediastinal 
lymphomas are in the middle mediastinum. 

e In adults, the incidence of anterosuperior, middle, and posterior mediastinal tumors is 
approximately 54%, 20%, and 26%, respectively. In children, the posterior 
mediastinum contains 63% of lesions, the anterior mediastinum 26%, and the middle 


mediastinum 11% (13). 


e Primary mediastinal tumors are relatively rare. In adults, the ratio of benign to 
malignant tumors is approximately 3 to 2; the relative incidence of malignant 
mediastinal tumors in children is approximately 50%. 


Table 31-1: Classification of mediastinal structures and tumors by anatomic location 


Anterosuperior mediastinum 
Anatomic structures 

Aorta and great vessels 
Thymus gland 

Lymph glands 


Mediastinal tumors and cysts 
Thymic tumors 

Lymphomas 

Germinal cell tumors 
‘Endocrine 

| Thyroid tumors 


Middle mediastinum 


Heart and pericardium 
Trachea and major bronchi 
Pulmonary vessels 

Lymph nodes 


Lymphomas 

Sarcoidosis 

Cardiac and pericardial tumors 
Tracheal tumors 

Vascular tumors 


Posterior mediastinum 


Sympathetic chain vagus 
Esophagus | 
Thoracic duct 

Descending aorta 

Lymph nodes 


Neurogenic tumors 
Lymphomas 
Esophageal tumors 
Endocrine tumors 
Tumors of spinal column 


Parathyroid tumors Lung cancers Lung cancers 
Mesenchymal tumors Cysts Cysts 
Lung cancers 
Cysts 


From Graham MV, Emami B. Mediastinum and trachea. In: Perez CA, Brady LW, eds. 
Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 
1998:1221-1239, with permission. 


Thymomas 


e Thymomas are the most common tumors of the anterior mediastinum, accounting for 
approximately 20% of all mediastinal tumors in adults. 


Natural History 


e From 39% to 64% of thymomas in surgical series are noninvasive (13). The 
predominant pattern of spread is direct invasion of the capsule surrounding the 
thymus. 

e |n more advanced cases, invasion into the superior vena cava, brachial cephalic vein, 
lung, and pericardium frequently is observed. Superior vena cava syndrome as a 
presenting symptom is not unusual. 

e The most frequent area of dissemination is the pleural cavity, although pericardial 
effusions also are reported. 

e Although rare, distant metastases have been reported to liver, lung, and bone. 

e Thymoma frequently is associated with myasthenia gravis as well as benign 
cytopenia, overt malignancy, hypogammaglobulinemia, and polymyositis. 

e Myasthenia gravis is an autoimmune disease characterized by antiacetylcholine 
receptor antibodies resulting in an acetylcholine receptor deficiency at the motor end 
plate. The most common clinical feature is neuromuscular fatigue. Ocular muscles 
are involved in 90% of patients. Next in frequency of involvement are facial and 
pharyngeal muscles, progressing to fatigue of proximal limb girdle muscles and 
respiratory suppression. Of patients with myasthenia gravis, approximately 25% have 
a normal-sized thymus and 75% have thymic abnormalities; 15% of these 
abnormalities are associated with thymoma, and the remaining 60% are due to 
thymic lymphoid hyperplasia. 


Clinical Presentation 


e Approximately 30% to 40% of thymomas are asymptomatic; the tumor is usually an 
incidental finding on chest x-rays. 

e Symptoms may include chest pain, dyspnea, hoarseness, and superior vena cava 
syndrome. 

e Dysphagia, fever, weight loss, and anorexia may also be present. 

e Approximately 33% to 50% of thymomas are associated with myasthenia gravis, 5% 
with red cell aplasia, and 5% with hypogammaglobulinemia (16). 


Diagnostic Workup 


e The diagnostic workup for mediastinal tumors is outlined in Table 31-2. 

e Computed tomography (CT) is the most valuable radiologic technique. It defines size, 
contour, tissue density, homogeneity of the lesion, and the lesion's relationship to 
other structures, and is imperative for planning irradiation portals. 


e CT is well suited for staging of many of these tumors and is helpful for monitoring 
response to irradiation or chemotherapy. 

e Magnetic resonance imaging does not yield more information than the CT scan, but it 
has the advantage of differentiating vascular structures, thus eliminating the potential 
risk of using contrast medium. 

e Because most mediastinal tumors are surgically removed, tissue diagnosis is most 
often done at thoracotomy. 

e Bronchoscopy, mediastinoscopy, or anterior mediastinotomy may yield the diagnosis, 
especially if enlarged lymph nodes are present. 


Staging 


e The most widely accepted classification of thymomas has two categories: invasive 
and noninvasive. 

e Staging of thymomas is based on degree of invasiveness. 

e The pathologic staging system of Masaoka et al. (22) is the most widely used (Table 
31-3). 


Pathologic Classification 


e Rosai and Levine (29) divided thymomas into three types based on histopathology, 
depending on the predominant tumor cell type: lymphocytic, epithelial, and mixed 
(lymphoepithelial). Some authors have suggested spindle cell type as a fourth group, 
but it is often considered a variant of the epithelial type. 

e Most series report no correlation between histopathology and malignant potential (29) 
and no correlation between histopathologic subtype of thymoma and the associated 
systemic syndromes. 

e The newer histologic classification of Marino and Muller-Hermelink (21) showed 
prognostic significance independent of tumor stage. Medullary and mixed thymomas 
were benign tumors even with capsular invasion and showed no risk of recurrence. 
Organoid and cortical thymomas had intermediate invasiveness and low but 
significant risk of late relapse. Well-differentiated carcinoma was always invasive and 
had a significant risk of relapse and death, even in stage II patients. 


Prognostic Factors 


e _Invasiveness of the tumor is the most important prognostic factor. 

e Patients with complete or radical excision have significantly better survival than those 
with subtotal resection or biopsy only (22,28). 

e Although older series reported that the presence of myasthenia gravis resulted in a 
poor prognosis, modern series have found no influence of coexisting myasthenia 


gravis on prognosis (25,27,34). 


General Management 


e Complete surgical resection is the treatment of choice for all thymomas regardless of 
invasiveness, except in rare cases with extrathoracic or extensive intrathoracic 
metastasis. 

e Survival is excellent with encapsulated, noninvasive thymomas, and adjuvant 
(postoperative) irradiation is not indicated (20). 

e Radiation therapy is excellent adjuvant therapy for invasive thymomas, which are 
generally radioresponsive. 

e For large, invasive thymomas thought to be marginally resectable, preoperative 
irradiation has been advocated (26). 

e With the high response rates of chemotherapy, the role of preoperative irradiation has 
come into question, and generally has fallen out of favor. 


e For invasive thymomas, postoperative irradiation is necessary, regardless of 
completeness of surgery (2,8,17,24,25,28,34). 

e The exact role of chemotherapy in the treatment of patients with invasive thymoma is 
not well defined (33). Small series report activity for both multiple and single agents 
and combined chemotherapy (12,19). A French multiinstitutional study reported no 
impact on relapses or survival (24). 

e The role of chemotherapy as an adjuvant after resection has not been established, 
but it has been reported in conjunction with irradiation in unresectable surgical cases. 


Radiation Therapy Techniques 


e The volume treated should include the entire mediastinum and part of the involved 
adjacent lung if there is parenchymal involvement, or as delineated by CT scan or 
surgical clips, plus at least a 1.5-cm margin (Fig. 31-1). 

e Treatment usually is given through anteroposterior and posteroanterior portals with 
various combinations of photon beams and anterior wedge oblique portals (Fig. 31-2). 

e The recommended irradiation dose for malignant thymomas after resection is 45 to 
50 Gy in 23 to 25 fractions; doses up to 56 Gy have been used (24), with excellent 
local tumor control with all doses over 40 Gy. Local recurrences have been reported 
with doses less than 40 Gy. 

e Major resection occasionally is impossible, and surgery is limited. In these cases, an 
additional 5-Gy boost through reduced fields is justified. 


View Figure 


Fig. 31-1: Treatment portal used for irradiation malignant thymoma. (From Graham MV, Emami B. 
Mediastinum and trachea. In: Perez CA, Brady LW, eds. Principles and practice of radiation oncology, 
3rd ed. Philadelphia: Lippincott-Raven, 1998:1221—1239, with permission.) 


A 


View Figure 


Fig. 31-2: lsodose curves of optimized treatment plan used in treatment of mediastinal tumors. A: 
Three-wedge portal (right anterior oblique, left anterior oblique, and left posterior oblique) 
arrangements. B: Two anterior wedge portals (right anterior oblique and left anterior oblique). Note that 
in both plans the isodose curves are normalized to line 1 (100%), with subsequent lines representing a 
10% reduction in total dose in decreasing order. (From Graham MV, Emami B. Mediastinum and 
trachea. In: Perez CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. 
Philadelphia: Lippincott-Raven, 1998:1221—1239, with permission.) 


Sequelae of Treatment 


e Late sequelae are unusual in reported studies (7). 
e Radiation pneumonitis, pericarditis, and, rarely, myelopathy have been reported. 


Table 31-2: Diagnostic workup for mediastinal tumors 


General 
History 


Physical examination—For male patients with mediastinal germ cell tumors, this should 
include a thorough examination of the testes 


Radiographic studies 
Standard 
Chest x-ray 
Computed tomography scan 
Complementary 
Magnetic resonance imaging 
Barium swallow 
Fluoroscopy 
Arteriography 
Iridium 131 scan 
Gallium scan 
Ultrasonography of testes (in mediastinal germ cell tumors) 
Lymphangiogram (in mediastinal germ cell tumors) 
Laboratory studies 


Complete blood cell count, blood chemistries, urinalysis 


Germ cell tumors: alpha-fetoprotein, human chorionic gonadotropin, carcinoembryonic 
antigen 


Thymoma: radioimmunoassay for acetylcholine receptors 
Special tests/procedures 
| Mediastinoscopy 

Anterior mediastinotomy with biopsy 

Bronchoscopy 

Esophagoscopy 

Biopsy of palpable supraclavicular lymph nodes 


From Graham MV, Emami B. Mediastinum and trachea. In: Perez CA, Brady LW, eds. 
Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 
1998:1221-1239, with permission. 


Table 31-3: Thymoma staging system 

Stage | Macroscopically completely encapsulated and no microscopic capsular invasion 

‘Stage II 1. Macroscopic invasion into surrounding fatty tissue or mediastinal pleura or 
2. Microscopic invasion in capsule | 

Stage III {Invasive growth into neighboring intrathoracic organs 

Stage IVA [Pleural or pericardial implants 

Stage IVB |Lymphogenous or hematogenous metastases 


From Masaoka A, Monden Y, Nakahara K, et al. Follow-up study of thymomas with special 
reference to their clinical stages. Cancer 1981;48:2485—2492, with permission. 


Malignant Mediastinal Germ Cell Tumors 


e Malignant mediastinal germ cell tumors are most common in males. 

e Pure seminomas are most common in the third decade of life, followed by the fourth 
and second decades. 

e Nonseminomatous germ cell tumors (NSGCTs) (pure or mixed histology) occur in 
young adults (15 to 35 years). 


Natural History 


e Most mediastinal germ cell tumors are located in the anterosuperior mediastinum. 

e Mediastinal germ cell tumors have the same morphologic appearance as that of 
germinal tumors of the testes. 

e |f anterior mediastinal metastases are present, middle and posterior mediastinal 
lymph nodes, as well as retroperitoneal nodes, frequently are involved. 


Clinical Presentation 


e Patients with mediastinal germ cell tumors may be entirely asymptomatic, particularly 
when the tumor is a benign teratoma or seminoma. 

e Some tumors may produce substernal pressure and pain radiating to the neck and 
arms. 

e Tumors produce superior vena cava syndrome in 10% of patients (7). 


e Embryonal cell carcinoma, teratocarcinoma, and choriocarcinoma are more 
aggressively infiltrating neoplasms, resulting in substernal pleuritic pain that 
occasionally is associated with dyspnea, cough, and hemoptysis. 

e Approximately 40% of patients with choriocarcinoma show gynecomastia. 


Diagnostic Workup 


e CT is the radiologic method of choice (Table 31-2). 

e |f testicular abnormalities are present, appropriate radiologic examinations should be 
obtained for a testicular or retroperitoneal neoplasm (ultrasonography, CT, and 
possibly lymphangiography). 

e Germ cell tumors elaborate B-subunit of human chorionic gonadotropin (B-hCG), 
which is elevated in the serum of 60% of patients with NSGCTs and 7% of patients 
with pure seminomas (13). All patients with choriocarcinoma have elevated urinary 
and serum B-hCGG levels. 

e Alpha-fetoprotein is elevated in approximately 70% of patients with NSGCT. 

e Over 90% of patients with germ cell tumors have elevated levels of alpha-fetoprotein, 
B-hCG, or both. These biomarkers are helpful in monitoring the response of the tumor 
to therapy and can be used to detect recurrences. 

e In most mediastinal tumors, a thoracotomy is needed to establish histopathologic 
diagnosis. When surgical removal of the tumor is not indicated or possible, an open 
biopsy can be done. 


Pathologic Classification 


e Rosai and Levine (29) divided mediastinal germ cell tumors into germinomas 
(seminomas), adult (mature) teratomas, embryonal carcinomas, teratocarcinomas, 
choriocarcinomas, yolk sac tumors (endodermal sinus tumors), and mixed tumors. 

e Asimpler system of classification divides tumors into pure seminomas or 
nonseminomatous carcinomas. 


Staging 
e No staging system exists for mediastinal germ cell tumors. 
Prognostic Factors 


e Histologic type is the most important prognostic factor in anterior mediastinal 
extragonadal germinal tumors. Mature teratomas and seminomas are highly curable 
and have a better prognosis than immature teratomas and NSGCTs. 


General Management 
Seminomas 


e Thoracotomy with radical intent has been performed in approximately 50% of patients 
who had surgery. Complete tumor removal was possible in only 40% to 50% of 
patients undergoing radical surgery (9). 

e |f radical resection is not performed, excellent results still may be obtained with 
radical postoperative irradiation, or even irradiation after biopsy alone (30). 

e Chemotherapy usually is reserved for locally extensive tumors, failures of surgery or 
irradiation, or metastatic disease (18). 


Nonseminomatous Germ Cell Neoplasms 


e Because of their propensity for distant metastasis, primary treatment for 
nonseminomatous malignant tumors is chemotherapy and radical resection, if 
possible (9). 

e Mediastinal NSGCT does not respond as well to chemotherapy as other extragonadal 
or testicular presentations. Relapses are more frequent, and survival is worse. 

e For better local tumor control, resection of postchemotherapy residual disease may 
be necessary (18). 

e The role of irradiation in NSGCT has been highly debated. Because of a poor 
resectability rate and frequent residual masses after chemotherapy, radiation therapy 
mainly has been used to increase local tumor control. 

e Irradiation given before chemotherapy adversely affects the patient's ability to tolerate 
full cytotoxic doses. 


Radiation Therapy Techniques 


e The treatment technique for seminoma is the same as for thymoma. 

e Both supraclavicular areas may be irradiated. 

e Doses of 20 to 60 Gy have been used; Cox (7) suggested that 30 Gy given in 15 
fractions over 3 weeks is adequate. However, Bagshaw et al. (3) recommended 40 to 
50 Gy in 4.0 to 4.5 weeks to the mediastinum and supraclavicular lymph nodes. 

e Our recommendation is 30 Gy in 15 fractions over 3 weeks for minimal disease. For 
gross tumors, we suggest 40 Gy (1.8 to 2.0 Gy daily, 5 days a week) to the large field 
encompassing the mediastinum and both supraclavicular areas, followed by an 
additional 10 Gy with reduced portals to gross tumor volume (visible on CT scan). 


Sequelae of Treatment 


e Fatigue, dysphagia, cough, and mild skin reaction are early (acute) sequelae of 
thoracic irradiation. 

e Inthe 30- to 50-Gy range used for seminomas, late effects might be expected to be 
similar to those of patients with Hodgkin's disease treated with mediastinal irradiation. 

e Late sequelae of thoracic irradiation for mediastinal NSGCT are overshadowed by the 
high local and systemic failure rate. 


Tracheal Tumors 
e Primary malignant tumors of the trachea are rare. 
Natural History 


e Squamous cell cancer has a predilection for the distal third of the trachea; over 60% 
of cases originate in the posterior or lateral wall. 

e Approximately one-third of patients have mediastinal spread or pulmonary 
metastases when first seen. 

e Tumor first involves adjacent lymph nodes and, by direct extension, the mediastinal 
structures. Metastases to distant organs (lungs, liver, bone) are common. 

e Adenoid cystic carcinomas and adenocarcinomas tend to appear in the upper third of 
the trachea; they may extend for a greater distance in the tracheal wall, with only a 
portion of tumor presenting intratracheally. With both surgery and irradiation, larger 
margins of clearance are needed. Neutrons may be promising (1). 

e Extension beyond the trachea occurs three times more frequently with adenoid cystic 
carcinomas (58%) than with squamous cell carcinomas (13). 


Clinical Presentation 


e Hemoptysis (60%), dyspnea (56%), hoarseness (40%), and cough (36%) were the 
most common symptoms in a series from Washington University, St. Louis, MO (11). 


e Other signs and symptoms include recurrent pneumonia and vocal cord palsy. 
Diagnostic Workup 


e Patients with nonspecific symptoms may have a normal chest x-ray film. 

e Bronchoscopy can be helpful in determining resectability and relief of obstruction in 
occasional life-threatening situations. A rigid bronchoscope usually is used, although 
laser resection is being used more frequently. 

e CT scan is the radiologic study of choice for delineation of tumor extent. 


Pathologic Classification 


e The World Health Organization revised the classification of laryngeal, 
hypopharyngeal, and tracheal tumors in 1993 (10). This histologic typing includes 
epithelial tumors and precancerous lesions (from benign to malignant), soft tissue 
tumors, tumors of bone and cartilage, lymphomas, and tumor-like lesions. 

e Malignant lesions include adenocarcinomas and squamous cell, adenosquamous, 
adenoid cystic, mucoepidermoid, and neuroendocrine carcinomas, grades 1 through 
3. 

e The most common primary carcinomas of the trachea are squamous cell and adenoid 
cystic carcinomas; the other malignant entities are rare. 


Staging 
e No staging system exists for primary tracheal tumors. 
Prognostic Factors 


e Major prognostic factors include histologic type, location (upper versus lower), and 
resectability, which is related to the first two factors. 

e Lymph node involvement and positive surgical margins after resection also appear to 
have prognostic significance. 

e Inall reported series, adenoid cystic carcinoma has had improved survival and an 
indolent progression of disease. 


General Management 


e Treatment of choice for tracheal carcinomas is primary resection and reanastomosis 
of the involved airway; sleeve resection often is required (15). 

e Postoperative irradiation is routinely recommended, although it has never been 
studied prospectively (5,6,23). 

e In patients who cannot undergo resection, external-beam irradiation or endotracheal 
brachytherapy may be used (4,14,32). 

e Chemotherapy alone is not useful, but it has been recommended in conjunction with 
other modalities. 


Radiation Therapy Techniques 


e Because of the high incidence of mediastinal nodal involvement, almost the entire 
mediastinum (low border at least 6 cm below the carina) and both supraclavicular 
regions should be included in the initial portal up to a dose of at least 45 Gy in tumors 
of the upper or mid trachea. 

e The value of elective supraclavicular lymph node irradiation for carinal or lower 
tracheal lymph nodes is unknown. 

e A portion of the treatment can be with parallel-opposed anteroposterior- 
posteroanterior portals up to spinal cord tolerance (45 Gy in 1.8- to 2.0-Gy fractions). 


In curative cases, additional boost (to a total tumor dose of 65 to 70 Gy) can be 
delivered through anterior oblique portals with wedges (Fig. 31-2). 

If CT scan shows massive tumor extension through the tracheal wall and if surgery is 
ruled out, high risk of fistula precludes a radical dose of radiation therapy. In this 
situation, as well as in any condition in which the patient cannot tolerate high doses of 
irradiation, a protracted palliative dose of 45 Gy in 4 to 5 weeks can be used. 
Endobronchial high-dose-rate afterloading treatment using an iridium 192 source was 
described by Schraube et al. (32) in four patients treated with megavoltage external- 


beam irradiation (46 to 60 Gy). Brachytherapy consisted of five 3- to 4-Gy fractions, 
two high-dose-rate placements per week, calculated at 10 mm from the source 
center. 

e Use of fast neutron radiation therapy for tracheal tumors was reported by Saroja and 
Mansell (31) in six patients, most with recurrent tumors after surgery. Dose ranged 
from 18 Gy in 12 fractions over 26 days to 26.6 Gy in 12 fractions over 39 days, 
delivered primarily with anterior and oblique beams. 


Sequelae of Treatment 


e Side effects to the tracheal cartilage and esophagus with irradiation doses of 60 to 70 
Gy or higher are described in most series. 


e Most patients develop acute odynophagia, cough, and local irritation. 

e Late effects include softening of the cartilage, tracheitis, and tracheal stenosis. 

e Esophageal stricture has been reported. 

e Esophageal and mediastinal fistulas, vocal cord paralysis as a result of laryngeal 
nerve damage, and other nonspecific postoperative complications (including infection, 
pulmonary edema, and mortality) have been seen, particularly in surgically treated 
patients. 

References 


1. Azar T, Abdul-Karim FW, Tucker HM. Adenoid cystic carcinoma of the trachea. 
Laryngoscope 1998;108:1297—1300. PubMed | 


2. Ariaratnam LS, Kalnicki S, Mincer F, et al. The management of malignant thymoma with 
radiation therapy. Int J Radiat Oncol Biol Phys 1979;5:77-80. PubMed | 


3. Bagshaw MA, McLaughlin WT, Earle JD. Definitive radiotherapy of primary mediastinal 
seminoma. Am J Roentgenol 1969;105:86-94, PubMed | 


4. Chao MW, Smith JG, Laidlaw C, et al. Results of treating primary tumors of the trachea 
with radiotherapy. Int J Radiat Oncol Biol Phys 1998;41:779—785. PubMed | 


5. Cheung AYC. Radiotherapy for primary carcinoma of the trachea. Radiother Oncol 
1989;14:279-285. 


6. Chow DC, Komaki R, Libshitz HI, et al. Treatment of primary neoplasms of the trachea. 
Cancer 1993;71:2946-2952. PubMed | 


7. Cox JD. Primary malignant germinal tumors of the mediastinum: a study of 24 patients. 
Cancer 1975; 36:1162—-1168. PubMed | 


8. Curran WJ Jr, Kornstein MJ, Brooks JJ, et al. Invasive thymomas: the role of mediastinal 
irradiation following complete or incomplete surgical resection. J Clin Oncol 1988;6:1722- 
177, 


9. Dulmet EM, Macchiarini P, Suc B, et al. Germ cell tumors of the mediastinum: a 30-year 
experience. Cancer 1993;72:1894—1901. BubMed | 


10. Ferlito A. The World Health Organization's revised classification of tumours of the larynx, 
hypopharynx, and trachea. Ann Otol Rhinol Laryngol 1993;102:666-669. Pubited | 


11. Fields JN, Rigaud G, Emami BN. Primary tumors of the trachea. Cancer 1989;63:2429- 
2433. E 


12. Fornasiero A, Daniele O, Ghiotto C, et al. Chemotherapy for invasive thymoma: a 13-year 
experience. Cancer 1991;68:30—33. PubMed | 


13. Graham MV, Emami B. Mediastinum and trachea. In: Perez CA, Brady LW, eds. 
Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 
1998:1221-1239. 


14. Green N, Kulber H, Landman M, et al. The experience with definitive irradiation of 
Clinically limited squamous cell cancer of the trachea. Int J Radiat Oncol Biol Phys 
1985;11:1401-1405, PubMed | 


15. Grillo HC, Mathisen DJ. Primary tracheal tumors: treatment and results. Ann Thorac Surg 
1990;49: 69-77, PubMed | 


16. Kersh CR, Eisert DR, Hazra TA. Malignant thymoma: role of radiation therapy in 
management. Radiology 1985;156:207—209. PubMed | 


17. Krueger JB, Sagerman RH, King GA. Stage III thymoma: results of postoperative radiation 
therapy. Radiology 1988;168:855-858. PubMed | 


18. Lemarie E, Assouline PS, Diot P, et al. Primary mediastinal germ cell tumors: results of a 
French retrospective study. Chest 1992;102:1477—1483. PubMed | 


19. Macchiarini P, Chella A, Ducci F, et al. Neoadjuvant chemotherapy, surgery, and 
postoperative radiation therapy for invasive thymoma. Cancer 1991;68:706—713. PubMed | 


20. Maggi G, Giaccone G, Donadio M, et al. Thymomas: a review of 169 cases, with 
particular reference to results of surgical treatment. Cancer 1986;58:765—776., PubMed | 


21. Marino M, Muller-Hermelink HK. Thymoma and thymic carcinoma: relation of thymoma 
epithelial cells to the cortical and medullary differentiation of thymus. Virchows Arch 
1985;407:1 19—149. PubMed | 


22. Masaoka A, Monden Y, Nakahara K, et al. Follow-up study of thymomas with special 
reference to their clinical stages. Cancer 1981;48:2485-2492, PubMed | 


23. Maziak DE, Todd TR, Keshavjee SH, et al. Adenoid cystic carcinoma of the airway: thirty- 
two-year experience. J Thorac Cardiovasc Surg 1996;112:1522-1531, BubMed | 


24. Mornex F, Resbeut M, Richaud P, et al. Radiotherapy and chemotherapy for invasive 
thymomas: a multicentric retrospective review of 90 cases. Int J Radiat Oncol Biol Phys 
1995;32:651—-659, PubMed | 


25. Nakahara K, Ohno K, Hashimoto J, et al. Thymoma: results with complete resection and 
adjuvant postoperative irradiation in 141 consecutive patients. J Thorac Cardiovasc Surg 
1988;95:1041—1047, PubMed | 


26. Ohara K, Okumura T, Sugahara S, et al. The role of preoperative radiotherapy for 
invasive thymoma. Acta Oncol 1990;29:425—429, PubMed | 


27. Park HS, Shin DM, Lee JS, et al. Thymoma: a retrospective study of 87 cases. Cancer 
1994;73: 2491—2498. PubMed | 


28. Pollack A, Komaki R, Cox JD, et al. Thymoma: treatment and prognosis. Int J Radiat 
Oncol Biol Phys 1992;23:1037—-1043, PubMed | 


29. Rosai J, Levine GD. Tumors of the thymus. In: Atlas of tumor pathology, second series, 
fascicle 13. Washington, DC: Armed Forces Institute of Pathology, 1977. 


30. Rostom AY, Morgan RL. Results of treating primary tumours of the trachea by irradiation. 
Thorax 1978;33:387-393. PubMed | 


31. Saroja KR, Mansell J. Treatment of tracheal tumors with high energy fast neutron 
radiation. Oncology (Huntingt) 1993;7:16, 21-22. PubMed | 


32. Schraube P, Latz D, Wannenmacher M. Treatment of primary squamous cell carcinoma 
of the trachea: the role of radiation therapy. Radiother Oncol 1994;33:254—258. PubMed | 


33. Tomiak EM, Evans WK. The role of chemotherapy in invasive thymoma: a review of the 
literature and considerations for future clinical trials. Crit Rev Oncol Hematol 1993;15:113- 
124 Enss 


34. Urgesi A, Monetti U, Rossi G, et al. Role of radiation therapy in locally advanced 
thymoma. Radiother Oncol 1990;19:273-280. PubMed | 


Radiation Oncology: 
Management 
Decisions 


Table of Contents 


32: Esophagus 
Anatomy 


Natural History 
Clinical Presentation 


Diagnostic Workup 
Positron Emission 
Tomography 

Staging Systems 
Prognostic Factors 
General Management 
Single-Modality Therapy 
Multimodality Therapy 
Palliative Treatment 


Radiation Therapy Techniques 


Sequelae of Treatment 
References 


Anatomy 


e The esophagus is a thin-walled, hollow tube with an average length of 25 cm. 

e The normal esophagus is lined with stratified squamous epithelium similar to the 
buccal mucosa. 

e There are many methods of subdividing the esophagus, all of which are arbitrary. 

e The cervical esophagus begins at the cricopharyngeal muscle (C-7) and extends to 
the thoracic inlet (T-3). The thoracic esophagus represents the remainder of the 
organ, going from T-3 to T-10 or T-11. 

e The American Joint Committee on Cancer divides the esophagus into four regions: 
cervical, upper thoracic, midthoracic, and lower thoracic (5). 

e Figure 32-1 correlates the basic anatomy of the esophagus with the subdivision 
schemes described above. 

e The esophagus has a dual longitudinal interconnecting system of lymphatics. As a 
result of this system, lymph fluid can travel the entire length of the esophagus before 
draining into the lymph nodes, so that the entire esophagus is at risk for lymphatic 
metastasis. 

e In "skip areas," up to 8 cm of normal tissue can exist between gross tumor and 
micrometastasis within lymph fluid traveling in the esophagus (29). 

e Lymphatics of the esophagus drain into nodes that usually follow arteries, including 
the inferior thyroid artery, the bronchial and esophageal arteries from the aorta, and 
the left gastric artery (celiac axis) (25). Figure 32-2 illustrates the major lymph node 
groups draining the esophagus. 

e Lymph node metastases are found in about 70% of patients at autopsy. 


or upper incisors eean ay 


(ca) 
= 
thyroid cartilage 
r ; Í $ n 
(er) int. jugular LN PAE eah erve X 
war, hn) s vg 
15F supraclavicular = eee a |5 
LN | 2 E Hs 
~y 0 ef L < jugular vein e |58 
o 
nS ‘| > subclavian vein |° D 
20 7 recurrent ~ o 
trachea laryngeal nerve à d 
r o 
paratracheal LN aorta 2E 
2s ) 
subcarinal LN o > » |g 
he 8 es 
l \ = E€ O 
y i 
paraesophageal @! aortic LN 
LN 
35 ee 
22 
T10 
40” paracardial LN 
Tm | 
celiac LN lesser curvature LN 
T12 | 


View Figure 


Fig. 32-1: Basic anatomy of the esophagus. Note the lengths of the various segments of the 
esophagus from the upper central incisors and the two classification schemes for subdividing the 
esophagus. LN, lymph node. 
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Fig. 32-2 : Positive lymph node distribution according to the location of the primary tumor. [Modified from 
Akiyama H, Tsurumaru M, Kawamura T, et al. Principles of surgical treatment for carcinoma of the 
esophagus: analysis of lymph node involvement. Ann Surg 1981;194:438; and Dormans E. Das 
Oesophaguscarcinom. Ergebnisse der unter mitarbeit von 39 pathologischen instituten Deutschlands 
durchgeführten Erhebung Uber das oesophaguscarcinom (1925—1933). Z Krebforsch 1939;49:86; with 
permission.] 


Natural History 


e The estimated incidence of squamous cell cancer in each third of the esophagus is as 
follows: upper third, 10% to 25%; middle third, 40% to 50%; lower third, 25% to 50% 
(12,17). 

e Achalasia of long duration (225 years) is associated with a 5% incidence of 
squamous Cell carcinoma of the esophagus (31). Caustic burns, especially lye 
corrosion, are related to the development of esophageal cancer (1,11). 

e Squamous cell carcinoma is the major cell type; however, review of the Surveillance, 
Epidemiology, and End Result data demonstrated an annual increase of 9.5% for 
men and 4.0% for women between 1976 and 1987 (4). 

e The condition most commonly associated with adenocarcinoma of the esophagus is 
Barrett's esophagus. 


Clinical Presentation 


e Symptoms of esophageal cancer usually start 3 to 4 months before diagnosis. 
e Dysphagia and weight loss are seen in over 90% of patients. 
e Odynophagia (pain on swallowing) is present in up to 50% of patients. 


Diagnostic Workup 


e All patients with suspected esophageal cancer should have a workup similar to that 
outlined inFigure 32-3. 


1) History and physical examination 

2) Esophagogram (double contrasts) 

3) Panendoscopy with biopsy and brushings 

4) CT scan or MRI of chest and upper abdomen 

5) CXR (PA & lateral), biochemical profile, 
CBC with differential, electrolytes, BUN, 
creatinine 

6) Endoscopic ultrasound (EUS) 
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Fig. 32-3: 
Diagnostic 
workup for 
patients with 
esophageal 
cancer. CT, 
computed 
tomography; MRI, 
magnetic 
resonance 
imaging. 


e Computed tomography (CT) has an accuracy of 51% to 70% (based on a threshold 
for malignancy of 10 mm) in the detection of mediastinal nodes in patients with 
esophageal cancer, and 79% (based on a threshold of 8 mm) in the detection of left- 
sided gastric or celiac nodes (19). Understaging of disease with CT occurs more 
frequently than overstaging, increasing the likelihood of inappropriate surgery. 

e Most malignant tumors metabolize glucose at a much higher rate than normal tissue; 
as a result, there is an increased accumulation of the glucose analog F-18 2- 
deoxyglucose (FDG) in malignant tissue. Positron emission tomography (PET) 
provides diagnostic information based on this increased FDG uptake and often 
demonstrates early-stage disease before any structural abnormality is evident. PET 
also can help exclude the presence of malignant disease in an anatomically altered 


structure. 


e CT and FDG-PET imaging were prospectively compared with surgical findings in 91 
patients with esophageal cancer. PET detected 51 metastases in 27 of 39 cases 
(69% sensitivity, 93.4% specificity, 84% accuracy), whereas CT detected 26 
metastases in 18 of 39 cases (46.1% sensitivity, 73.8% specificity, 68% accuracy) (p 


<0.01) (16). 
Staging Systems 


e Anumber of staging systems have been proposed. 
e Table 32-1 represents the American Joint Committee on Cancer clinical and 
pathologic staging system (5). 


Table 32-1: TNM staging for cancer of the esophagus 


Primary tumor (T) 


TX Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Tis Carcinoma in situ 

T1 Tumor invades lamina propria or submucosa 
T2 Tumor invades muscularis propria 

T3 Tumor invades adventitia 

T4 Tumor invades adjacent structures 
Regional lymph nodes (N) 

NX Regional lymph nodes cannot be assessed 
NO No regional lymph node metastasis 

N1 Regional lymph node metastasis 

Distant metastasis (M) 

MX Distant metastasis cannot be assessed 

MO No distant metastasis 

M1? Distant metastasis 


Tumors of lower thoracic esophagus 


Mia Metastasis in celiac lymph nodes 
Mib Other distant metastasis 
Tumors of upper thoracic esophagus 
Mia Metastasis in cervical nodes 
Mib Other distant metastasis 
Stage grouping 
Stage 0 Tis NO MO 
Stage | T1 NO MO 
Stage IIA T2 NO MO 
T3 NO MO 
Stage IIB T1 N1 MO 
T2 N1 MO 
Stage III T3 N1 MO 
T4 Any N MO 
Stage IVA Any T Any N Mia 
Stage IVB Any T Any N Mib 


*For tumors of midthoracic esophagus, use only M1b because these tumors with metastasis 
in nonregional lymph nodes have an equally poor prognosis as those with metastasis in other 
distant sites. 


From Fleming ID, Cooper JS, Henson DE, et al., eds. AJCC cancer staging manual, 5th ed. 
Philadelphia: Lippincott-Raven, 1997:65—69, with permission. 


Prognostic Factors 


e Esophageal cancer usually manifests as advanced-stage disease. Seventy-five 
percent of patients have diseased lymph nodes at initial presentation. The 5-year 
survival rate is only 3% for these patients, whereas it is 42% for patients who do not 
have nodal involvement. Approximately 18% of patients will have distant metastases, 
typically to abdominal lymph nodes (45% of cases), liver (85%), lung (20%), 
supraclavicular nodes (18%), bone (9%), or adrenal glands (5%). Consequently, the 
prognosis is poor, with surgical cure achieved in less than 10% of patients (19). 

e Upper one-third lesions do better than those in the lower one-third. 

e Tumors 5cm or smaller are 40% resectable, while tumors larger than 5 cm have a 
75% chance of distant metastasis (12). 

e Patients who are male, older than 65 years of age, and have poor performance status 
and excessive weight loss have the worst prognosis. 


General Management 


e Carcinoma of the esophagus remains a difficult disease to treat. 

e With single-modality therapy, locoregional failure occurs in approximately 20% to 
80% of patients. 

e With chemoirradiation alone, locoregional failure ranges from 35% to 45%. 

e With preoperative chemoirradiation, locoregional failure occurs in 25% to 45% of 
patients. 

e The rate of distant metastasis is high with any therapeutic approach and exceeds 
50% with long-term follow-up. 

e No firm recommendation can be made for managing stage I, Il, or III disease. In 
patients who are medically and surgically fit, either chemoirradiation alone or 
preoperative chemoirradiation followed by surgery should be considered. 

e Many patients are not able to tolerate multimodality therapy, and single-modality 
treatment using radiation therapy alone or surgery alone in appropriately selected 
patients may be preferable. 

e For stage IV patients, palliation with single- or multiple-modality therapy should be 
used, tailored to a patient's specific symptoms. 

e Hospice care should be considered for the end-stage patient with a short life 
expectancy. 

e Treatment for esophageal carcinoma can be broadly divided into curative and 
palliative. 

e According to Pearson (18), of every 100 patients with cancer of the esophagus, only 
20 have tumor that is truly localized to the esophagus; thus, 80 of every 100 patients 
have locally extensive or distant disease at the time of diagnosis and are not 
amenable to local treatment alone. 


Single-Modality Therapy 
Surgery 


e Surgery is the standard approach for early-stage lesions, but curative resection is 
feasible in only 50% of patients at the time of surgery due to more extensive disease 
than clinically judged. 

e Surgical mortality is now less than 10%. 

e Median survival of patients with resectable tumors is only about 11 months. 

e A laparotomy can be performed before, or concurrently with, esophagectomy to rule 
out any disease below the diaphragm. 

e Esophagogastrostomy is the most widely used method. Colon interposition, 
preferably with the left colon, also can be used (21). 

e Squamous cell carcinoma of the cervical esophagus presents a very difficult situation. 
If surgery is performed, it usually requires removal of portions of the pharynx, the 
entire larynx and thyroid gland, and the proximal esophagus. Radical neck 
dissections also are carried out (22). 


Radiation Therapy 


e Irradiation is mainly used for palliation or for medically inoperable patients. 

e Overall survival after irradiation alone is approximately 18% at 1 year and 6% at 5 
years (4). 

e Two prospective, randomized trials were launched to compare radiation therapy with 
surgery in early-stage lesions, but they were aborted because of poor accrual. 

e The potential benefit of intracavitary brachytherapy for local control or durable 
palliation of dysphagia is being investigated (3). 


Chemotherapy 


e Chemotherapy is not effective as a single modality. 
e Cisplatin -based combination chemotherapy can achieve response rates of 30% to 
50%, but these rarely are complete responses. 


Multimodality Therapy 
Radiation Therapy and Surgery 


e A European Organization for Research and Treatment of Cancer trial involving 192 
patients receiving either 33 Gy in 10 fractions preoperatively or immediate surgery 
demonstrated no survival benefit to radiation therapy (10% versus 9% 5-year overall 
survival), but a longer median time to recurrence was noted in the irradiation group 
(9). 

e Postoperative radiation therapy after curative therapy, regardless of surgical margins, 
has shown a slight reduction of local relapse (85% down to 70% at 5 years), 
especially in node-negative patients; however, no survival benefit has been observed 


(27). 


Chemotherapy and Surgery 


e Two prospective trials of two preoperative chemotherapy cycles of cisplatin, 
vindesine, and bleomycin sulfate followed by surgery demonstrated no survival 
benefit (14,23). 

e Postoperative chemotherapy has not been investigated adequately. Currently, there 
is no evidence that routine use is justified. 

e Concurrent chemoirradiation followed by surgery seemed to result in a higher 
response rate (70%) and pathologic complete response (37%) in a Southwest 
Oncology Group study (20). Median survival of 12 months and a 2-year survival rate 
of 28% were not much different from results with surgery alone, although some 
lesions were downstaged from unresectable to resectable. Patterns of failure after 
surgery with preoperative chemoirradiation [5-fluorouracil (5-FU)/cisplatin (CDDP) 
and 36 Gy] versus chemoirradiation (5-FU/CDDP and 54 to 60 Gy) alone were 
similar. Distant metastases were the predominant sites of failure. 


Definitive Chemoirradiation 


e The combination of chemotherapy and irradiation suggests a benefit for both local 
control and overall survival duration. 

e |In an Eastern Cooperative Oncology Group study, 130 patients were randomized to 
receive 60 Gy with or without 5-FU/mitomycin-C (24). The 2-year survival rate was 
30% versus 12%; median survival was 14.9 months versus 9.0 months, respectively. 

e Ina Radiation Therapy Oncology Group study, 121 patients were randomized to 
receive 50 Gy and 5-FU/CDDP versus 64 Gy alone (10). The 2-year survival rate was 
38% versus 10%; median survival was 12.5 months versus 8.9 months, respectively. 


Palliative Treatment 


e The best surgical palliation involves resection and reconstruction, if possible. This 
removes the bulk of the disease and can potentially prevent abscess and fistula 
formation, as well as bleeding. 

e intraluminal intubation is good for extremely debilitated patients with 
tracheoesophageal fistula or invasion of vital structures. 

e Dilatation is another reasonable alternative. When the lumen of the esophagus is 
dilated to 15 mm, dysphagia no longer is experienced. Attempts should be made to 
get 17 mm of dilatation and to maintain this with weekly or monthly dilatations 
thereafter (22). 

e Both the neodymium:yttrium-aluminum-garnet laser and photoirradiation with an 
argon laser, together with presensitization of tumor with intravenous hepatoporphyrin 
derivative, have provided palliation with minimal risk (13). 

e Palliative treatment regimens range from 30 Gy over 2 weeks (17) to 50 Gy over 5 
weeks or up to 60 Gy over 6 weeks, with up to 80% relief of pain and dysphagia (21). 


Radiation Therapy Techniques 


e A field margin of 5 to 6 cm, above and below the tumor, generally is recommended 
(22). 

e Frontal and lateral radiographs of the patient (in the treatment position) should be 
obtained regardless of whether there is a simulator, with barium in the esophagus to 
delineate the tumor (12). 

e Some authors recommend placing the patient in the prone position for treatment to 
move the esophagus away from the spinal cord (26). 

e If CT planning is available, scanning should be done with the patient in the exact 
treatment position on a flat surface. 

e Lesions in the upper cervical or postcricoid esophagus usually are treated from the 
laryngopharynx to the carina. 

e Supraclavicular and superior mediastinal nodes are irradiated electively. This can be 
achieved with lateral parallel-opposed or oblique portals to the primary tumor and a 
single anterior field for the supraclavicular and superior mediastinal nodes (12). 

e Irradiation fields for lesions in the lower two-thirds of the esophagus (thoracic 
esophagus) include the entire thoracic esophagus and bilateral supraclavicular nodes 
in the initial treatment volume. The inferior margin of the initial fields always includes 
the esophagogastric junction and, for lower-third lesions, the celiac plexus. At least 5 
cm of normal tissue is included above and below the gross disease. 

e Atthe Mallinckrodt Institute of Radiology, 43 Gy is delivered with anteroposterior- 
posteroanterior portals and high-energy photons. At these dose levels, two posterior 
oblique portals with wedges are started to spare the spinal cord. The superior and 
inferior margins are kept the same, and the dose is taken to 50 Gy. The fields are 
reduced to boost the gross disease to 60 to 70 Gy. Figure 32-4 shows the CT 
simulation and portals. Oblique fields are used to spare the spinal cord after 42 to 45 
Gy. 

e Another method used to cone down on middle-third lesions is a 360-degree rotation. 

e For tumors in the distal third and large lesions (5 cm) in the middle or upper third of 
the thoracic esophagus, the treatment portals are modified to include the celiac axis 
lymph nodes because of their frequent metastatic involvement (4). 

e Figure 32-5 illustrates several different dose distributions using CT-generated 
dosimetry. 


View Figure 


Fig. 32-4: Radiation portals for a patient with simultaneous carcinoma in mid esophagus (T4) and 
gastroesophageal junction (T). A: Initial anteroposterior-posteroanterior opposing portals. B, C, and D: 
Three-field (anteroposterior, right posterior oblique, left posterior oblique) boost. (Courtesy of Dr. Wade 
Thorstad, Mallinckrodt Institute of Radiology.) 


View Figure 


View Figure 


Fig. 32-5: Radiation therapy techniques for esophageal cancer. A: Anteroposterior-posteroanterior 
opposed dose distribution for midthoracic lesion. B: Three-field dose distribution for midthoracic lesion. C: 
Anterior wedge-pair dose distribution for upper thoracic lesion. (Courtesy of Department of Radiation 
Oncology, The Graduate Hospital, Philadelphia, PA, with special thanks to Beth Semler, MS, physicist.) 


Doses of Radiation 


e Based on data from squamous cell carcinoma of the upper aerodigestive tract, 50 Gy 
at 1.8 to 2.0 Gy per fraction over 5 weeks should control more than 90% of subclinical 
disease. 

e Atleast 60 to 70 Gy is needed for gross disease in fractions of 1.8 to 2.0 Gy per day, 
5 days per week (30). 

e In addition to external-beam therapy, intracavitary therapy can be used as part of a 
radical or palliative treatment plan. 

e The most commonly used technique is iridium 192 afterloading (4). A closed-end 
afterloading catheter is introduced through the nose into the esophagus to the 
primary tumor site. This is done on the simulator table. A pretreatment barium 
swallow and CT scan are used to localize the boost site. After localization films are 
taken and dosimetry generated, iridium 192 is inserted into the patient's catheter; this 
is done in the hospital room. In general, 10 to 20 Gy is delivered using this technique. 
Figure 32-6 illustrates the dosimetry film and dose distribution. 

e Selection of a high-dose-rate, intermediate-dose-rate, or low-dose-rate technique is 
operator dependent. These techniques are roughly defined, respectively, as more 
than 12 Gy per hour, 2 to 12 Gy per hour, and 0.4 to 2.0 Gy per hour. High-dose-rate 
treatment can be given quickly but may require two or three placements; low-dose- 
rate takes 1 to 2 days with only one placement. Local control with any technique 
ranges from 40% to 95%, with a 4% to 20% risk of stricture and 2% to 10% risk of 
fistula formation (8). 

e Hyperthermia also has been used in conjunction with external-beam irradiation, 
chemotherapy, and surgery in the management of this disease. A study from Kyusha 
University (Fukuoka, Japan) demonstrated a 5-year survival advantage of 22.3% 
versus 13.7% when hyperthermia was added to preoperative irradiation and 
chemotherapy (15). 


1) History and physical examination 

2) Esophagogram (double contrasts) 

3) Panendoscopy with biopsy and brushings 

4) CT scan or MRI of chest and upper abdomen 

5) CXR (PA & lateral), biochemical profile, 
CBC with differential, electrolytes, BUN, 
creatinine 

6) Endoscopic ultrasound (EUS) 


Disease limited Advanced disease: 
to esophagus Define extent 
1) Evaluate lymph nodes 1) Biopsy suspicious 
when indicated via areas 
a) Thoracoscopy Advanced 2) Bone scan with 
b) Mediastinoscopy disease plain films if 
c) Laparoscopy indicated 


3) CT lower abdomen 
and/or brain if 
| indicated 


Disease limited 
to esophagus 


| 


Definitive therapy Palliative therapy 
View Figure 


Fig. 32-6: Dose distribution of a intraluminal brachytherapy for midthoracic tumor. (From Fisher SA, 
Brady LW. Esophagus. In: Perez CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd 
ed. Philadelphia: Lippincott-Raven, 1998:1241—1258, with permission.) 


Sequelae of Treatment 
Surgery 


e Operative mortality is generally less than 10% (28). 

e The overall complication rate can exceed 75%, including pulmonary and cardiac 
complications, anastomotic leak (5% to 10%), and recurrent laryngeal nerve paralysis 
(5% to 10%). 

e Stricture formation occurs in 14% to 27% of cases (4). 

e The addition of preoperative radiation therapy and chemotherapy can significantly 
increase complications. 

e Perioperative mortality of 17% has been reported (6). 


Radiation Therapy 
e The acute complications of radiation therapy include esophagitis, modest skin 


tanning, fatigue, and, in most patients, weight loss. 
e Pneumonitis is a potentially serious complication, although it rarely occurs. 


e A perforated esophagus is characterized by substernal chest pain, a high pulse rate, 
fever, and hemorrhage. If it is confirmed with an esophagogram, treatment should be 
stopped (12). 

e The most common chronic complication from radiation therapy is stenosis and 
stricture formation. When this occurs, recurrence should be ruled out. Stenosis can 
occur in more than 60% of patients receiving additional chemotherapy (2). 

e Currently, two randomized trials in the United States use surgery as the control arm. 
The National Cancer Institute is sponsoring an intergroup trial that compares 
preoperative and postoperative cisplatin/5-FU with surgery alone. The University of 
Michigan is comparing preoperative 5-FU/CDDP/vinblastine with concomitant 
radiation therapy to surgery alone (7). 
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Anatomy 


e The mammary gland lies over the pectoralis major muscle and extends from the 
second to the sixth rib in the vertical plane and from the sternum to the anterior or 
midaxillary line. The mamma consists of glandular tissue arranged in multiple lobes 
composed of lobules connected in ducts, areolar tissue, and blood vessels. 

e Anetwork of lymphatics is formed over the entire surface of the chest, neck, and 
abdomen and becomes dense under the areola. 

e The following lymphatic pathways originate mostly in the base of the breast: The 
axillary or principal pathway passes from the upper and lower halves of the breast to 
the chain of nodes situated between the second and third intercostal space; the 
transpectoral pathway passes through the pectoralis major muscle to the 
supraclavicular lymph nodes; and the internal mammary pathway passes through the 
midline, through the pectoralis major and intercostal muscles (usually close to the 
sternum) to the nodes of the internal mammary chain (Fig. 33-1). 


Fig. 33-1: Anatomy of the breast. (From Osborne MP. Breast development and anatomy. In: Harris JR, 
Hellman S, Henderson IC, et al., eds. Breast diseases. Philadelphia: JB Lippincott Co, 1987:1-14, with 
permission.) 


Natural History 


e As breast cancer grows, it travels along the ducts, eventually breaking through the 
basement membrane of the duct to invade adjacent lobules, ducts, fascial strands, 
mammary fat, and skin. It then spreads through the breast lymphatics and into the 
peripheral lymphatics; tumor can invade blood vessels. 

e About 20% to 40% of newly diagnosed stage T1 and T2 breast cancers, respectively, 
have pathologic evidence of axillary nodal metastases; the incidence is correlated 
with tumor size (57). 

e Metastases to the internal mammary nodes are more frequent from inner quadrant 
and central lesions; they occur more often when there is axillary node involvement. 
Supraclavicular nodes occasionally are involved. 

e Vascular invasion by tumor and hematogenous metastases to the lungs, pleura, 
bone, brain, eyes, liver, ovaries, and adrenal and pituitary glands occurs, even with 
small tumors. 

e Metachronous bilateral carcinoma of the breast occurs in 5% to 8% of patients and is 
simultaneous in approximately 1%. 


Clinical Presentation 


e Most patients with carcinoma in situ, T1, or T2 breast cancers present with a painless 
or slightly tender breast mass or have an abnormal screening mammogram. 

e Approximately 40% to 50% of these lesions are detected by mammography only; 
approximately 35% of tumors detected by mammography and physical examination 
are invasive carcinomas smaller than 1 cm (57). 


Diagnostic Workup 


e The workup of a patient with a breast mass, including complete clinical and family 
history, is summarized in Table 33-1. A pelvic examination should be done, if one has 
not recently been performed. 

e The consistency, tenderness, mobility or fixation, and size of both a breast mass and 
lymph nodes should be noted, including the number of the latter. The incidence of 
metastatic axillary lymph nodes is shown in Table 33-2. No tumor is found in 25% to 
30% of patients with clinically palpable axillary nodes. 

e Mammography is invaluable in the detection of over 90% of breast cancers (16). 

e Ultrasonography, which has a sensitivity of 73% and specificity of 95%, is helpful in 
differentiating cysts from solid tumors (57). 

e Magnetic resonance imaging is being evaluated for breast imaging; however, cost 
and availability are major deterrents. 

e In patients with stage | or II disease, the incidence of abnormal bone scan is 
approximately 2%; it is not routinely obtained in these patients. 

e = Internal mammary lymphoscintigraphy has been advocated on the basis that 15% of 
patients demonstrate cross-drainage between parasternal lymphatics, and in 30% of 
patients parasternal lymph nodes lie outside the usual irradiation portals (19). 

e Positron emission tomography using F-18 2-deoxyglucose is more frequently used for 
detection of regional lymph node or distant metastases (1). 

e Histopathologic diagnosis is obtained by fine-needle aspiration, stereotactic core 
biopsy, or incisional or excisional biopsy of solid masses (56). 

e Innonpalpable lesions, needle localization with radiographic techniques is necessary 
to identify the tissue to be removed. 

e Estrogen and progesterone receptor assays are done routinely in patients with breast 
cancer in the United States. These parameters are correlated with prognosis and 
tumor response to chemotherapeutic and hormonal agents. 

e The her-2-neu (c-erbB-2) proto-oncogene encodes a transmembrane protein tyrosine 
kinase receptor, 185 KDa; an assay routinely is performed (10). 

e Cellular assays measure the S-phase (growth fraction) of tumors, either by thymidine 
labeling index or flow cytometry. DNA index is done at some institutions 


Table 33-1: Diagnostic workup for carcinoma of the breast 
General 
History: menstrual status, parity, family history of cancer 
Physical examination: breast, axilla, supraclavicular area, abdomen, pelvis 
Special tests 
Needle aspiration 
Biopsy 
Evaluation for hormone receptors 
Radiologic studies 
Before biopsy 
Mammography or xeromammography 
Chest radiographs 
After positive biopsy 


Bone scan (when clinically indicated) 
If bone scan is positive, liver and spleen scan 
Internal mammary lymphoscintigraphy (as indicated) 
Skeletal studies 
Laboratory studies 
Complete blood cell count, blood chemistry (including liver function tests when indicated) 
Urinalysis 
Optional 
Growth fraction 
DNA index 
Oncogene assays (BRCA1,BRAC2, her B-2, etc.) 


From Perez CA, Taylor ME. Breast: Tis, T1, and T2 tumors. In: Perez CA, Brady LW, eds. 
Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 
1998:1269-1414, with permission. 


Table 33-2: Incidence of metastatic axillary lymph nodes in carcinoma of breast 

correlated with primary tumor size 

Tumor size Washington Tinnemans et al. | Silverstein et al. |Kampouris (%) 
(cm) University (%) (%) (80) (%) (71) (39) 

0.0-0.5 3/55 (5) 1/13 (7.7) 3/96 (3) — 

0.6-1.0 25/203 (12) 3/24 (12.5) 27/156 (17) — 

1.1-2.0 59/294 (20) 13 /44 (29.5) 115/357 (32) 13/58 (22) 

2.1-3.0 38/113 (34) — 145/330 (44)? 15/25 (60) 

3.1-4.0 9/30 (30) — = 1/7 (14) 


*T2 tumors (2 to 5 cm). 


From Perez CA, Taylor ME. Breast: Tis, T1, and T2 tumors. In: Perez CA, Brady LW, eds. 
Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 
1998:1269-1414, with permission. 


Staging Systems 


e The American Joint Committee on Cancer staging system is the most widely used 
system in the United States (Table 33-3) (24). 

e The Columbia system is important both historically and because it clearly identifies 
prognostic factors affecting operability (31). 


Table 33-3: American Joint Committee on Cancer staging system for breast cancer 


Primary tumor (T) 


Note: Definitions for classifying the primary tumor (T) are the same for clinical and 
pathologic classification. If the measurement is made by physical examination, the examiner 
will use the major headings (T1, T2, or T3). If other measurements, such as mammographic 
or pathologic, are used, the telescoped subsets of T1 can be used. 


Primary tumor cannot be assessed 


TO No evidence of primary tumor 


Tis? Carcinoma in situ: Intraductal carcinoma, lobular carcinoma in situ, or Paget's 
disease of the nipple with no tumor 
T1 Tumor =2 cm in greatest dimension 
Timic  (Microinvasion =0.1 cm in greatest dimension 
Tia Tumor >0.1 cm but not >0.5 cm in greatest dimension 
Tib Tumor >0.5 cm but not >1 cm in greatest dimension 
Tic Tumor >1 cm but not >2 cm in greatest dimension 
T2 Tumor >2 cm but not >5 cm in greatest dimension 
T3 Tumor >5 cm in greatest dimension 
T4? Tumor of any size with direct extension to (a) chest wall or (b) skin, only as 
described below. 
T4a Extension to chest wall 
T4b Edema (including peau d'orange) or ulceration of the skin of the breast or 


satellite skin nodules confined to the same breast 
T4c Both (T4a and T4b) 


T4d Inflammatory carcinoma 

Regional lymph nodes (N) 

NX Regional lymph nodes cannot be assessed (e.g., previously removed) 

NO No regional lymph node metastasis 

N1 Metastasis to movable ipsilateral axillary lymph node(s) 

N2 Metastasis to ipsilateral axillary lymph node(s) fixed to one another or to other 
structures 

N3 Metastasis to ipsilateral internal mammary lymph node(s) 

Pathologic classification (pN) 

pNX Regional lymph nodes cannot be assessed (e.g., previously removed or not 
removed for pathologic study) 

pNO No regional lymph node metastasis 

pN1 Metastasis to movable ipsilateral axillary lymph node(s) 


pNia Only micrometastasis (none >0.2 cm) 
pNib Metastasis to lymph node(s), any larger than 0.2 cm 


pNibi Metastasis in 1 to 3 lymph nodes, any >0.2 cm and all <2 cm in greatest 
dimension 


pNibii Metastasis to 4 or more lymph nodes, any >0.2 cm and all <2 cm in greatest 
dimension 


pNibiii |Extension of tumor beyond the capsule of a lymph node metastasis <2 cm in 
greatest dimension 


pNibiv |Metastasis to a lymph node =2 cm in greatest dimension 


pN2 Metastasis to ipsilateral axillary lymph nodes that are fixed to one another or to 
other structures 

pN3 Metastasis to ipsilateral internal mammary lymph node(s) 

Distant metastasis (M) 

MX Distant metastasis cannot be assessed 


MO No distant metastasis 


M1 Distant metastasis (includes metastasis to ipsilateral supraclavicular lymph 
node[s]) 


“Paget's disease associated with a tumor is classified according to the size of the tumor. 


From Fleming ID, Cooper JS, Henson DE, et al, eds. AJCC cancer staging manual, 5th ed. 
Philadelphia: Lippincott-Raven, 1997:171—180, with permission. 


Pathologic Classification 


e The World Health Organization has classified proliferative conditions and tumors of 
the breast as benign mammary dysplasias, benign or apparently benign tumors, 
carcinoma, sarcoma, carcinosarcoma, and unclassified tumors (69). The American 
Joint Committee on Cancer (24) has developed an alternate system. 

e Intraductal carcinoma or ductal carcinoma in situ (DCIS) is a noninvasive lesion with 
five histologic subtypes: comedo, solid, cribriform, papillary, and micropapillary. 

e Lobular carcinoma in situ (LCIS) is a noninvasive proliferation of abnormal epithelial 
cells in the lobules of the breast. 

e = Invasive (infiltrating) ductal carcinoma, the most common type of breast cancer, 
accounts for more than 80% of all cases. 

e Tubular carcinoma has a nonaggressive growth pattern; axillary lymph node 
involvement is reported in approximately 10% of patients. 

e Medullary carcinoma is well circumscribed, with infrequent lymph node metastases. 

e Lobular invasive carcinoma may be interspersed with ductal carcinoma; the prognosis 
is similar to that of invasive ductal carcinoma. 

e Mucinous carcinoma, also called mucoid or colloid carcinoma, is observed in older 
women. Survival is appreciably better than with infiltrating ductal carcinoma. 

e Primary neuroendocrine small cell carcinoma occasionally has been reported. 

e Paget's disease describes involvement of the nipple by tumor that extends from 
subjacent ducts in the nipple or metastases from an underlying carcinoma. 

e Cystosarcoma phyllodes is generally benign; these tumors are large and usually 
encapsulated, without invasion of the adjacent breast. Initially they have slow growth, 
followed by a sudden, rapid increase in size. A few cases of metastases to the other 
breast, axillary lymph nodes, mediastinum, and lungs have been reported. 

e Primary mammary lymphomas are rare; most are non-Hodgkin's lymphoma. 
Immunohistochemistry studies of 13 tumors showed that 12 were B-cell in origin (57). 

e Other unusual tumors occasionally described in the breast include sarcoma, 
squamous Cell carcinoma, basal cell carcinoma, and adenocystic carcinoma. 


Prognostic Factors 
Intrinsic Factors 


e Tumor size and clinical stage are strong prognostic factors influencing local 
recurrence, nodal and distant metastases, and survival. 

e Results of tumor excision and breast irradiation are equivalent in patients with 
infiltrating lobular or infiltrating ductal carcinoma. 

e The incidence of local recurrence is greater and survival decreased with higher 
nuclear grade, vascular invasion, inflammatory infiltrate, and undifferentiation and 
necrosis of the tumor. 

e Tumor location in the breast does not affect prognosis. 


Extensive Intraductal Carcinoma 


e According to the Harvard University definition of extensive intraductal carcinoma 
(EIC), 25% or more of the primary tumor is intraductal carcinoma. Intraductal 
carcinoma also is seen outside (adjacent to) the infiltrating border (57). 

e Some groups have reported that EIC is associated with a higher incidence of breast 
recurrences, but Clarke et al. (8), Fisher et al. (22), van Limbergen et al. (83), and an 
analysis of the experience at Washington University, St. Louis, MO, found no 
significant correlation between local tumor control and EIC. This difference may be 
related to several factors, including the pathologic criteria used to define EIC, 
adequacy of tumor excision, careful assessment of surgical margins, and doses of 
irradiation delivered to the boost volume. 


Involvement of Axillary Nodes by Tumor 


e Inpatients treated with radical or modified radical mastectomy, there is a direct 
relationship between tumor involvement of axillary nodes and chest wall recurrence 
and an inverse correlation with survival. 

e Several authors have noted lower survival in node-positive patients than in node- 
negative patients. However, node-positive patients have fewer breast relapses after 
breast conservation therapy, a result of the interaction of irradiation to the breast with 
adjuvant chemotherapy (20,58). 


S-Phase Thymidine Labeling and DNA Index 


e A significant correlation between high S-phase (greater than 6%) and a tendency to 
develop distant metastases and lower survival has been reported (50). 
e Diploid tumors have a better prognosis than those with an aneuploid DNA distribution. 


Oncogenes 


e The most frequently mutated gene known to date in sporadic breast cancer is the 
tumor suppressor gene p53. 

e In 316 primary breast tumors, the 5-year relapse-free survival rate was significantly 
lower for patients with p53 sequencing tumors (73). 

e p53 status does not predict response to adjuvant chemotherapy, although there is a 
trend for patients with negative p53 to benefit from chemotherapy. 

e Overexpression is an unfavorable prognostic sign in node-positive patients and is an 
indication for aggressive adjuvant chemotherapy (10). Its prognostic value in node- 
negative patients is less clear, and its predictive value for response to chemotherapy 
remains controversial (5,10,84). 


BRCAT1 and BRCA2 Genes 


e About 45% of families with site-specific breast cancer have a mutation in BRCAT7, a 
gene that maps to chromosome 17q21. 

e The cumulative breast cancer risk among women carrying a mutant BRCA1 is 
approximately 50% at 50 years of age and 85% at 70 years of age. The risk of 
ovarian cancer is 29% by 50 years of age and 44% by 70 years of age (57). 

e BRCA2 mutations may account for 3% of breast cancers overall. Approximately 10% 
to 20% of families at high risk for breast cancer have no linkage to either BRCA1 or 
BRCA2. 

e A specific BRCA7 mutation is associated with breast cancer (21%) in Jewish women 
younger than 40 years, particularly in Ashkenazi families (23). 

e Of 61 women classified as probable BRCA? carriers, breast cancer was diagnosed in 
35; 13 of these had bilateral disease. Lifetime disease penetrance of the BRCA1 
gene was 88% (60). 

e Marcus et al. (47) concluded that BRCA1-related hereditary breast cancers have a 
higher tumor-cell proliferation rate and are more frequently aneuploid than other 
hereditary breast cancers. Paradoxically, patients with BRCA1-related hereditary 


breast cancer have lower recurrence rates than other hereditary breast cancer 
patients. 

e Genetic studies in patients with breast cancer place a second susceptibility BRCA2 
locus in chromosome 13q12-13. 

e Like BRCA1, BRCA2 appears to confer high risk of early-onset breast cancer; but 
unlike BRCA1, it does not carry a substantial elevated risk of ovarian cancer. 

e The risk of breast cancer in men carrying BRCA2 mutations, although small, is 
probably greater than in men carrying BRCA1 mutations. 

e Approximately 45% of hereditary breast cancer cases may be explained by BRCAT7, 
and approximately 70% of the remaining hereditary breast cancers may be explained 
by BRCA2. 


Cathepsin D Assay 


e Elevated cathepsin D levels are correlated with shorter disease-free survival and a 
trend toward shorter overall survival (79). In a multivariate analysis, a high level of 
cathepsin D was the most important independent prognostic factor in node-negative 
breast cancer (77). 


Extrinsic (Host) Factors 


e Young age may be a risk factor for breast recurrence in conservation surgery and 
irradiation; it may be correlated with EIC, high tumor grade, and a major mononuclear 
cell reaction. de la Rochefordiere et al. (14) noted that younger patients had 
significantly lower survival rates and higher local and distant relapse rates than older 
patients. 

e Black women are commonly diagnosed with more advanced stages of breast cancer 
than white women. Black women, in general, have lower 5-year breast cancer 
survival rates; however, when adjusted for income, in addition to stage and age, the 
effect of race on survival is reduced (2). 

e Although it was believed in the past that pregnancy after the diagnosis of breast 
cancer was associated with a worse prognosis, recent evidence suggests the 
opposite. 


General Management 
Ductal Carcinoma /n Situ and Lobular Carcinoma /n Situ 


e Some long-term follow-up reports document a 30% to 50% risk of subsequent 
development of invasive breast cancer after untreated DCIS that generally develops 
within 10 years (57). 

e Patients with LCIS also have a propensity to develop invasive lesions (35% to 45% in 
10 to 20 years) (42,55). 

e DCIS that presents as a large mass (greater than 2.5 cm) has a significantly higher 
potential for occult invasion, multicentricity, axillary lymph node metastases, and local 
recurrence than nonpalpable lesions, as well as worse survival. 

e Multicentricity (occult malignancies located outside the quadrant of the primary tumor) 
should be differentiated from multifocality (malignant foci within the same quadrant as 
the primary tumor or residual disease). Multicentricity rates range from 15% to 78% 
(average, 35%) (37). 

e Schwartz et al. (70) noted that solid and cribriform patterns are rarely multicentric or 
microinvasive, whereas papillary and micropapillary patterns are often multicentric 
and more diffuse but rarely microinvasive. 

e Comedo carcinomas have a high incidence of her-2-neu-protein overexpression and 
a high proliferative index on thymidine-labeling studies. 

e Analysis of the pathologic data in National Surgical Adjuvant Breast Project (NSABP) 
B-17 protocol showed that the only predictors for ipsilateral breast recurrence were 
comedo-type necrosis and involved or uncertain excision margins (21). 


Treatment of Ductal Carcinoma In Situ 


e Optimally, treatment of patients with DCIS must be individualized based on the 
natural history of the disease, tumor extent, histologic features, and patient 
preference. 

e The usual therapeutic options are total mastectomy or breast-conserving surgery, 
with or (in selected patients) without irradiation. 

e Important prognostic factors include tumor size, pathologic subtype, nuclear grade, 
necrosis, extent of microscopic tumor, and status of surgical margins (21,72,76). 

e Routine axillary lymph node dissection has been eliminated for DCIS because very 
few patients have positive nodes. A possible exception is the large or extensive 
intraductal cancer (23 cm), which is known to have a small incidence (1%) of axillary 
spread. 


Treatment of Lobular Carcinoma In Situ 


e Haagensen et al. (32) recommended close follow-up for patients with LCIS because 
of the equal risk of cancer in both breasts and the long interval to the development of 
invasive cancer. 

e Treatment options for LCIS include complete local excision of the lesion and close 
follow-up, ipsilateral total mastectomy with or without contralateral "mirror" biopsies, 
bilateral mastectomies, and hormonal manipulation in investigational protocols. 
However, since 20% to 35% of women with LCIS will later develop invasive 
carcinoma in either breast, often after a great number of years, excisional biopsy with 
close follow-up appears to be the most reasonable approach. 

e Prophylactic bilateral total mastectomies with breast reconstruction may be indicated 
in highly anxious patients or in women who have a strong family history of breast 
cancer. 

e Currently, there is no information regarding the use of breast irradiation in LCIS. 


Management of Invasive Breast Cancer 


e The prevalent surgical treatment for carcinoma of the breast for most of the twentieth 
century was radical mastectomy (with several modifications). 

e McWhirter (48) popularized total mastectomy in combination with irradiation to the 
chest wall and regional lymphatics, a technique that yielded results comparable to 
those of radical mastectomy. 

e Keynes (40), in 1929 and 1937, used conservation surgery (ranging from biopsy to 
wide local tumor excision to segmental mastectomy or quadrantectomy) and definitive 
irradiation. This approach, popular in Europe since 1950, has progressively gained 
acceptance in the United States. 

e Treatment should be based on clinical extent and pathologic characteristics of the 
tumor, biologic prognostic factors, patient age (menopausal status), and the 
preference and psychological profile of the patient. 

e Breast conservation therapy is preferred by many patients for T1, T2, and selected T3 
tumors. 

e A modified radical mastectomy is recommended, even for small tumors, in any of the 
following situations: (a) patient preference—cosmesis is not important or there is a 
desire to avoid 5 to 7 weeks of irradiation; (b) larger tumors in small breasts in which 
a lumpectomy would remove so much tissue that the cosmetic outcome would be 
severely compromised; (c) tumors with high risk for local recurrence (EIC when 
negative margins are not obtained); (d) diffuse microcalcifications or gross 
multicentric disease; (e) presence of skin or connective tissue diseases that could be 
complicated by irradiation; and (f) patient is unreliable for follow-up. 

e After radical or modified radical mastectomy, postoperative irradiation of the chest 
wall and peripheral lymphatics occasionally is indicated in patients with high-risk 
characteristics, regardless of the initial clinical stage or use of adjuvant chemotherapy 


(54,61). 


e Phase III studies have shown that chest wall and lymphatic irradiation after 
mastectomy significantly improves disease-free and overall survival, regardless of 
tumor size, number of positive nodes, or histopathologic grade (see Chapter 34). 

e Hormonal therapy (tamoxifen citrate) is used in many patients, particularly those with 
positive estrogen or progesterone receptors (66). 

e Selected groups of older women may be treated with less-aggressive therapy with 
satisfactory results. 


Bilateral Carcinoma of the Breast 


e Factors associated with increased risk of bilateral breast carcinoma include younger 
age, family history of breast cancer, lobular carcinoma, multicentric disease, 
histologic differentiation of the primary tumor, parity status, and positive progesterone 
receptor assay (52). 

e Patients with bilateral carcinoma have been treated with total or modified radical 
mastectomy. 

e Breast irradiation combined with tumor excision is an effective alternative (29). 


Cystosarcoma Phyllodes 


e Treatment is either mastectomy or generous, wide local excision, depending on the 
degree of malignancy or size of the lesion. 

e Histologic grade is the most important prognostic factor; only approximately 10% of 
benign tumors recur. 

e The presence of malignant changes is associated with a higher recurrence rate and 
distant metastases (85). 

e Although few data support the use of irradiation in malignant cystosarcoma phyllodes, 
adjuvant irradiation may decrease the incidence of chest wall recurrences; however, it 
may not have a significant impact on survival (85). 

e Patients with positive or close surgical margins and those who have local recurrence 
should be offered radiation therapy to the breast or chest wall (50 Gy) to be followed 
by a boost (10 to 15 Gy), depending on the presence of residual microscopic or gross 
disease. 

e Because of the low incidence of axillary lymph node metastases, we do not advocate 
irradiation of the regional lymphatics. 


Adenocarcinoma in Axillary Lymphadenopathy without Detectable Breast Primary 
Cancer (Stage TON1B) 


e The radiation oncologist sometimes is faced with the puzzling clinical presentation of 
isolated axillary lymphadenopathy with adenocarcinoma, with no clinical or radiologic 
evidence of a primary tumor in the breast or any other anatomic site. 

e In addition to a careful physical examination, including the breast, bilateral 
mammograms and chest x-ray should be obtained. 

e Anexhaustive radiographic workup, including computed tomography (CT) scans of 
the chest, upper gastrointestinal studies, barium enema, and intravenous pyelogram, 
is not warranted (6). 

e Although some authors advise mastectomy and axillary dissection, an alternative is 
irradiation of the breast and regional lymphatics. The breast is treated with doses of 
50 Gy and the axillary/supraclavicular lymph nodes with 50 Gy, with a boost of 10 to 
15 Gy to the axillary fossa. 

e Because of the favorable prognosis of these patients and the infrequency of distant 
metastases, adjuvant chemotherapy may not be warranted (6). 


Breast Conservation and Irradiation 


e Breast conservation treatment is appropriate primary therapy for most women with 
stage | and Il breast cancer and is preferable because it provides survival equivalent 
to that of total mastectomy and axillary dissection while preserving the breast (9). 


Patient and Tumor Selection 


e The patient must be psychologically prepared for a conservation procedure and 
emphasis must be placed on cosmetic appearance. Occasionally, a patient will feel 
better if a mastectomy is performed. 

e Lesions should be less than 5 cm in diameter. Cosmesis is affected by the amount of 
tissue that must be removed in relation to the size of the breast. Neoadjuvant 
chemotherapy may allow breast-conserving therapy for larger tumors. 

e Some authors have suggested that certain patients at a higher risk of developing 
local recurrence should not be treated with conservation surgery. EIC and invasive 
lobular carcinoma, for example, tend to be more difficult to define within the breast 
and may require excision of a large volume of tissue to obtain negative pathologic 
margins. Patients with multicentric tumors have a greater risk of breast relapse; 
however, many of these patients can be effectively treated with conservation surgery, 
due to increasing experience with this method. Although the failure rate in this subset 
of patients is higher (25% to 30%), over 70% of these breasts can be preserved, and 
the breast failures can be effectively treated with total or modified radical mastectomy 
(12,41). 

e More important, refinements such as careful pathologic margin assessment, 
adequate irradiation, and integration of chemotherapy eliminate some poor prognostic 
subsets (62). 

e Absolute contraindications to breast-conserving therapy include ratio of tumor size to 
breast, very large breast (morbid obesity), systemic collagen disease, first or second 
trimester pregnancy, more than two primary tumors in separate quadrants, diffuse 
microcalcifications, EIC with positive margins, locally advanced tumors, previous 
breast irradiation, and psychological attitude of the patient. 


Management of Axillary Lymph Nodes 


e In most patients treated with conservation surgery, an axillary node dissection is 
carried out in addition to excision of the tumor. This is most important for 
premenopausal women in whom axillary nodal status determines indications and 
intensity for adjuvant chemotherapy. 

e Inpatients with primary tumors less than 1 cm in diameter, the incidence of lymph 
node metastases is 10% or lower; optimal lymph node management of these patients 
is controversial (34). 


Adjuvant Chemotherapy 


e Node-negative patients with tumors less than 2 cm in diameter require adjuvant 
systemic therapy when high-risk factors are present. 

e Premenopausal patients with positive nodes are treated with adjuvant chemotherapy, 
whereas postmenopausal patients are treated with tamoxifen; some older patients 
may receive either adjuvant therapy. 


Irradiation of Regional Lymph Nodes in Patients without Clinical or Pathologic 
Evidence of Axillary Metastatic Lymph Nodes 


e Most authors agree that it is not necessary to irradiate the regional lymphatics if an 
adequate axillary dissection is performed (67,86). 

e For selected patients undergoing breast preservation therapy, lumpectomy alone 
without axillary dissection, followed by irradiation to the intact breast and regional 
lymph nodes, results in a high rate of locoregional tumor control (33,34). 


Irradiation of Lymphatics in Patients with Positive Axillary Lymph Nodes Receiving 
Adjuvant Chemotherapy 


e = Axillary and supraclavicular nodal irradiation after an axillary dissection is indicated in 
patients with two or more positive axillary lymph nodes. 

e Elective internal mammary lymph node irradiation increases technical complexity and 
has no significant therapeutic benefit (27). 

e Data from Overgaard et al. (54) and Ragaz et al. (61) support elective irradiation of 
the axilla and supraclavicular fossa in the following circumstances: patients with two 
or more metastatic axillary lymph nodes; lymph nodes larger than 2.5 cm; 
involvement of the apex of the axilla; fewer than nine lymph nodes removed; or gross 
extracapsular tumor extension, even if the patient receives adjuvant chemotherapy. 


Preventive Use of Tamoxifen 


e NSABP-14 compared 5-year versus 10-year tamoxifen (10 mg b.i.d.) therapy and 
found no advantage in long-term therapy among patients with node-negative and 
estrogen receptor-positive tumors (18). 

e The NSABP Prevention Trial (NSABP-P1) compared tamoxifen and placebo groups 
in a prevention setting. The initial report on 11,064 women showed no differences 
between the groups' physical and mental scores. The mean number of symptoms 
reported was consistently higher in the tamoxifen group and was associated with 
vasomotor and gynecologic symptoms. Significant increases were found in the 
proportion of women on tamoxifen reporting problems of sexual functioning at a 
definite or serious level, although overall rates of sexual activity remained similar. 
Weight gain and depression were not increased (13). 


Radiation Therapy Techniques for the Intact Breast 


e After wide local excision, segmental mastectomy, or quadrantectomy, the breast is 
irradiated with lateral and medial tangential portals. 


Treatment Volume 


e The entire breast and chest wall should be included in the irradiated volume, along 
with a small portion of underlying lung. 

e Radiopaque surgical clips placed at the margin of the tumor bed may assist in 
defining the target volume. 

e When combined with a supraclavicular portal, the upper margin of the portal is placed 
at the second intercostal space (angle of Louie). 

e |fthe regional lymph nodes are not to be irradiated (as in patients with intraductal 
disease or negative axillary lymph nodes or when adjuvant chemotherapy is 
administered in patients with positive axillary lymph nodes), the upper margin of the 
portals should be placed at the head of the clavicle to include the entire breast (Fig. 
33-2). 

e = If no internal mammary portal is used, the medial margin should be 1 cm over the 
midline. If an internal mammary field is used, the medial tangential portal is located at 
the lateral margin of the internal mammary field (Fig. 33-2). 

e The lateral/posterior margin should be placed 2 cm beyond all palpable breast tissue 
(usually near the midaxillary line). 

e = The inferior margin is drawn 2 to 3 cm below the inframammary fold. 

e In some patients the breast falls superiorly toward the supraclavicular area in the 
supine position. A thermoplastic mold or an inclined board placed on the treatment 
table can correct this problem. 

e When treatment is delivered with 6-MV or lower-energy photons in patients with wide, 
tangential-fields bridge separation (greater than 22 cm), there is significant dose 
inhomogeneity in the breast, which is correlated with less-satisfactory cosmetic 
results (78). This problem can be minimized by using higher-energy photons (10 to 18 


MV) to deliver a portion of the breast irradiation (approximately 50%), as determined 
with prospective treatment planning, to maintain the inhomogeneity throughout the 
entire breast to 5% or less. 

e |f desired, the buildup of the beam may be modified with a "degrader," or, as done at 
Washington University, St. Louis, MO, a thermoplastic mold is constructed to support 
the breast in the treatment position. 

e Other treatment positions have been used to improve the dosimetry in patients with 
large pendulous breasts. At the Institut Curie these women are treated in the lateral 
decubitus position to flatten the breast contour (25). A modified lateral decubitus 
position with an immobilization device has been suggested (11). 

e The dose distribution with a "mock wedge" is satisfactory. 

e Irradiation in the prone position has been proposed for patients with large, pendulous 
breasts (49). 

e Some authors (3,35,74,75) have evaluated the usefulness of three-dimensional 
conformal radiation therapy or intensity-modulated irradiation techniques in treatment 
of the intact breast. We do not see a significant benefit to these approaches, 
considering the efficacy of conventional techniques and the higher cost of these more 
sophisticated techniques. 


View Figure 


Fig. 33-2: A: Example of portals for definitive irradiation for T1NOMO ductal carcinoma of the left breast 
treated with wide local excision of tumor and irradiation. Because the bridge separation was 18 cm and the 
primary tumor was located in the lateral quadrant, a separate internal mammary portal was not used. When 
treatment was given in 1974, axillary dissection was not carried out. Because of this, the regional lymph 
nodes were irradiated. B: Example of portals for irradiation of the breast and regional lymphatics for 
periareolar T2NOMO tumor of the left breast. C: Diagrammatic representation of volume treated in patient 
with lesion eligible for conservation surgery and irradiation when treatment of peripheral lymphatics is 
indicated (in axilla, volume dissected is excluded except when there is extranodal tumor extension). (From 
Perez CA, Taylor ME. Breast: Tis, T1, and T2 tumors. In: Perez CA, Brady LW, eds. Principles and 
practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:1269-1414, with permission.) 


Alignment of the Tangential Beam with the Chest Wall Contour 


e In most women the anterior chest wall slopes downward from the midchest to the 
neck. To make the posterior edge of the tangential beam follow this downward 
sloping contour, the collimator of the tangential beam usually is rotated. 

e Special attention should be paid to minimize the volume of lung and heart irradiated. 

e Analternative technique, in which the posterior edge of the tangential beam is made 
to follow the chest wall contour by means of a rotating beam splitter mounted on a 
tray, is used at the Mallinckrodt Institute of Radiology, St. Louis, MO. With this 


technique, the superior edge of the tangential beam remains in the true vertical and 
matches perfectly the vertical inferior edge of the supraclavicular field. 
e Anexample of a localization film for tangential portals is shown in Figure 33-3. 


Fig. 33-3: Example of 
localization film of tangential 
breast portals 
demonstrating amount of 
lung to be included in the 
field. (From Perez CA, 
Taylor ME. Breast: Tis, T1, 
and T2 tumors. In: Perez 
CA, Brady LW, eds. 
Principles and practice of 
radiation oncology, 3rd ed. 
Philadelphia: Lippincott- 
Raven, 1998:1269-1414, 
with permission.) 
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Doses and Beams 


e Minimal tumor doses of approximately 50 Gy are delivered to the entire breast in 5 to 
6 weeks (1.8- to 2.0-Gy tumor dose daily, 5 weekly fractions). 

e Minimum doses of 46.8 Gy (1.8-Gy daily fraction) are preferred for patients with large, 
pendulous breasts or when irradiation is combined with chemotherapy. 

e At Washington University, St. Louis, MO, the prescribed dose (46.8 to 48.6 Gy) is at 
the midpoint of the tangential fields (bridge) separation. 

e X-ray energies of 4 to 6 MV are preferred to treat the breast. Photon energies greater 
than 6 MV may underdose superficial tissues beneath the skin surface, but higher- 
energy photons may be helpful in large breasts to decrease the integral breast dose 
(7). 

e Wedges or compensating filters must be used for a portion of the treatment to 
achieve a uniform dose distribution within the breast (5% to 8% dose variance from 
the chest wall to the apex) (Fig. 33-4). 

e _Itis not necessary to apply bolus to the breast (except with photon energy greater 
than 6 MV) because the skin is usually not at risk for recurrence after complete 
excision of a T1 or T2 lesion. Use of bolus results in impaired cosmetic results. 


Fig. 33-4: Composite 
isodose curves for 
customized two- 
dimensional 
compensating filters, 
beam splitter for 
tangential fields, and 
internal mammary 
portal treated with 4- 
MV photons (16 Gy) 
and 12-MeV electrons 
(30 Gy) or anterior 
oblique medial breast 
field. (From Perez 
CA, Taylor ME. 
Breast: Tis, T1, and 
T2 tumors. In: Perez 
CA, Brady LW, eds. 
Principles and 
practice of radiation 
oncology, 3rd ed. 
Philadelphia: 

5 HVL Lippincott-Raven, 
1998:1269—1414, with 
permission.) 
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View Figure 


Boost to Tumor Site 


e Recht and Harris (64) discussed the rationale for administration of a "boost dose" to a 
limited volume of the breast. 

e The indications for boost irradiation are strongly supported by the pathologic findings 
described by Holland et al. (38), who reported on the incidence of multifocal 
carcinoma in breast tumors 2 cm or smaller in diameter as a function of the distance 
from the edge of the primary tumor: 28% had carcinoma in situ, 17% had additional 
tumor within 1 cm, and 14% had invasive carcinoma within 2 cm from the edge of the 
tumor. 

e Most authors report that 65% to 80% of breast recurrences after conservation surgery 
and irradiation occur around the primary tumor site (36,41). 

e Various series suggest that patients treated with higher doses have a greater 
probability of tumor control. 

e At Washington University, St. Louis, MO, a tumor-bed boost is administered to all 
patients except those with tumors less than 1 cm and pathologically generous 
(greater than 2 cm) margins, or after quadrantectomy. 

e Boost doses range from 10 to 20 Gy, depending on the size of the tumor and status 
of excision margins. 

e Inthe future, some patients may be defined who do not require a boost, e.g., women 
over age 50 with tumors smaller than 1 cm, absence of intraductal carcinoma, 
negative surgical margins, no necrosis, and low-grade tumors. 

e Before the widespread availability of electron-beam boost, interstitial brachytherapy 
or cone-down photon boost was popular. Many institutions currently prefer electron- 
beam boost because of its relative ease in setup, outpatient setting, lower cost, 
decreased time demands on the physician, and excellent results when compared with 
iridium-192 implants. 


Boost with Electron Beam 


e The patient is positioned with her arm toward her head to flatten the breast contour, 
and she is rolled so that the tylectomy scar is parallel to the table and the accelerator 
head can point straight down onto the target volume. 

e Electron energy is selected to cover the target volume depth (usually 12 or 16 MeV), 
based on review of the mammogram to ascertain the location and depth of the tumor 
or metallic surgical clips. 

e The 90% prescription isodose line is limited to the chest wall to decrease dose to the 
lung. 

e The clinical setup for electron boost involves marking the projection of the 
postoperative scar on the skin and adding 3 cm in all directions. 

e Accurate target-volume definition is critical with any boost technique. Methods vary 
from simple and unsophisticated (as described in the previous paragraph) to complex 
and expensive (e.g., ultrasound, CT definition of the target volume, or the surgical clip 
method). 


Boost with Interstitial Implant 


e At Washington University, St. Louis, MO, brachytherapy has been used in (a) women 
with large breasts and deep tumors (greater than 4 cm below skin), since the integral 
dose with electrons is high and there can be exit dose into the lung; and (b) patients 
with microscopically positive or unknown margins not undergoing reexcision (or with 
other poor pathologic risk features), as a higher dose can be more easily delivered at 
depth with the implant. Brachytherapy has also been suggested for patients with EIC. 

e With interstitial brachytherapy, the optimal target volume ideally is determined in the 
operating room with the surgeon (minimum 1-cm margin around the excision cavity). 

e Atsome institutions, including ours, intraoperative implants are performed to reduce 
cost and enhance the accuracy of placement of the implant catheters (46). 

e We place afterloading catheters at the time of tylectomy, reexcision, or axillary 
dissection; usually two planes (superficial and deep) cover the volume in T1 and T2 
tumor beds, with 1-cm margins. 

e = If the implant is carried out after breast irradiation is completed, consultation with the 
surgeon or preferentially metallic surgical clips are helpful to determine the target 
volume (57). 


Irradiation of Regional Lymphatics 
Supraclavicular Lymph Nodes 


e |f only the apex of the axilla is treated (after modified radical mastectomy or axillary 
dissection), the inferior border of the supraclavicular field is the first or second 
intercostal space. 

e The medial border is 1 cm across the midline, extending upward, following the medial 
border of the sternocleidomastoid muscle to the thyrocricoid groove. 

e The lateral border is a vertical line at the level of the anterior axillary fold. 

e The humeral head is blocked as much as possible without compromising coverage of 
the high axillary lymph nodes (Fig. 33-2). This field is angled approximately 15 to 20 
degrees laterally to spare the spinal cord. 

e = The low axilla is treated only when there is extracapsular tumor or if axillary 
dissection is not performed. The supraclavicular field is modified so that the inferior 
border comes down to split the second rib (angle of Louie), and the lateral border is 
drawn to just block falloff across the skin of the anterior axillary fold. 

e Total dose to the supraclavicular field is 46 Gy at 2 Gy per day (calculated at 3-cm 
depth) in 5 fractions per week; an alternative schedule is 50.4 Gy in 1.8-Gy fractions. 


Axillary Lymph Nodes 


e The medial border of this field is drawn to allow 1.5 to 2 cm of lung to show on the 
portal film. The inferior border is at the same level as the inferior border of the 


supraclavicular field; the lateral border just blocks falloff across the posterior axillary 
fold. The superior border splits the clavicle, and the superior-lateral border shields or 
splits the humeral head. 

The dose to the midplane of the axilla from the supraclavicular field is calculated at a 
point approximately 2 cm inferior to the midportion of the clavicle. 

The dose to the midplane of the axilla is supplemented by a posterior axillary field. 
Additional dose to the axilla midplane is administered to complete 46 to 50 Gy (2 Gy 
daily). 

When indicated, a boost of 10 to 15 Gy is delivered with reduced portals. 


Internal Mammary Lymph Nodes 


The benefit of treating internal mammary lymph nodes is unresolved, since clinical 
failures at this site are very rare. We agree with Fowble et al. (27) and Lichter et al. 
(43) that it is not necessary to treat internal mammary nodes in most patients. 

We use internal mammary irradiation only in patients with primary tumors in the inner 
quadrants or periareolar location that are larger than 3 cm in diameter. 

The medial border of the internal mammary field is the midline. The lateral border is 
usually 5 cm lateral to the midline; the superior border abuts the inferior border of the 
supraclavicular field; and the inferior border is at the xiphoid. 

If only the internal mammary nodes are treated, the superior border of the field is at 
the superior surface of the head of the clavicle. The field is set with an oblique 
incidence to match the medial tangential portal. 

The dose to the internal mammary field (45 to 50 Gy at 1.8 to 2.0 Gy per day) is 
calculated at a point 4 to 5 cm beneath the skin surface. CT scans of the chest are 
very helpful in determining dose-prescription depth. 

To spare underlying lung, mediastinum, and spinal cord, 12- to 16-MeV electrons are 
preferred for a portion of the treatment. The usual proportion is 14.4 Gy delivered with 
4- to 6-MV photons and 30.6 to 35.6 Gy with electrons (1.8 Gy daily). 

Table 33-4 summarizes the doses of irradiation recommended in combination with 
wide local excision of the primary breast tumor. 


Timing of Irradiation after Conservation Surgery 


The optimal sequence for combining breast-conserving surgery, irradiation, and 
chemotherapy for patients with T1, T2, and selected T3 breast cancer is unknown. 
Recht et al. (63) noted that delaying breast irradiation longer than 16 weeks after 
tumor excision resulted in a higher incidence of breast relapses. Administration of 
irradiation first led to a higher incidence of distant metastases. 

Valero and Hortobagyi (82) challenged these observations because of lack of 
consistent data, and strongly recommended that patients treated outside clinical trials 
(especially those with positive lymph nodes) receive adjuvant chemotherapy before 
breast irradiation. 

At present, it is generally agreed that irradiation optimally should be started within 6 
weeks from breast surgery for patients not receiving chemotherapy and within 16 
weeks for those treated with adjuvant chemotherapy. 

Another approach in patients at higher risk for distant metastases is to administer up 
to four cycles of high-dose doxorubicin and cyclophosphamide after surgery, to be 
followed by breast irradiation. 


Follow-Up of Patients Treated with Conservation Surgery and Irradiation 


Monthly breast self-examinations should be emphasized, in addition to clinical 
examinations every 3 to 4 months for the first 3 years, every 6 months through the 
fifth year, and yearly thereafter. 

The optimal interval for follow-up mammography has not been determined (28). 

In patients with DCIS or invasive lesions, a baseline mammogram should be obtained 
within 4 to 6 months of completion of treatment. Bilateral mammograms should be 


obtained every 6 months to 1 year for the first 2 or 3 years (as dictated by findings), 
and yearly thereafter (17). 

e When there is strong evidence of suspicious microcalcifications, masses, or 
architectural distortions of the breast after conservation surgery and irradiation, a 
biopsy should be obtained to rule out a recurrence. 

e Both mammography and periodic, careful physical examination are critical in the 
posttreatment evaluation of patients treated with breast conservation therapy. 
Posttreatment evaluation is mandatory at least once a year because of the possibility 
of late breast relapses and occasional distant metastases, even as late as 10 years 
after therapy. 


Table 33-4: Recommended treatment guidelines for noninvasive and stage T1 and T2 
carcinoma of breast 


Whole breast 

Minimal target doses: 

| Most patients: 48 Gy in 5 weeks to 50.4 Gy in 5.5 weeks 
Patients with large breasts or bridge separation >22 cm: 45.0—46.8 Gy in 5 weeks 
Patients in whom chemotherapy has been administered or is planned: 48 Gy in 5 weeks 

Breast boost 

Implant: 15—20 Gy at 0.4-0.5 Gy/h 

Electrons: 10-20 Gy at 2 Gy/fraction (prescribed at the 90% isodose depth) 

Photons: 10-16 Gy at 2 Gy/fraction 

Total dose to primary tumor site: 60-65 Gy 

Patients with "close" or positive margins in excision specimen(s) 

Electrons or boost implant: 15—20 Gy 

Total dose to primary tumor site: 65-70 Gy 

Internal mammary nodes 


If treated, the internal mammary nodes can be included in tangent fields with the entire 
breast (lower nodes) or in the en face supraclavicular/axillary field with internal mammary 
fields. Use photons (up to 16 Gy) combined with electrons (30 Gy) to decrease lung 
irradiation. 


‘Axillary lymph nodes 


If treated, the axillary lymph nodes should receive 46—50 Gy in 23 to 25 fractions over 4.6- 
5.0 weeks. When gross extracapsular disease is present, axillary nodes should be boosted 
to a total dose of 60 Gy. 


From Perez CA, Taylor ME. Breast: Tis, T1, and T2 tumors. In: Perez CA, Brady LW, eds. 
Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 
1998:1269-1414, with permission. 


Sequelae of Therapy 
Radical Mastectomy 


e Acomprehensive article detailed the following complications in 1,198 patients after 
radical mastectomy: death (1.2%), skin flap necrosis (86%), hematoma under the flap 
(4%), serum collection under the flap (40%), wound dehiscence (3%), chest wound 
infection (14%), loss of skin graft (32%), arm edema (31%), pneumothorax (6%), and 
infection of the donor site (8%) (68). 


Conservation Surgery and Irradiation 


e The most frequent complications associated with conservation surgery and irradiation 
are arm or breast edema, breast fibrosis, painful mastitis or myositis, pneumonitis, 
and rib fracture (seen in approximately 10% of patients). 

e Apical pulmonary fibrosis occasionally is noted when the regional lymph nodes are 
irradiated. Symptomatic pneumonitis is infrequent and may be related to the volume 
of lung irradiated (65). Transient decrease in forced vital capacity and forced 
expiratory volume in 1 second has been reported (45). 

e Inaretrospective review of 1,624 patients treated with conservation surgery and 
irradiation, 1% of patients developed radiation pneumonitis and no patient had late or 
persisting pulmonary symptoms (44). Incidence was correlated with combined use of 
chemotherapy (especially with Adriamycin-based regimen) and a supraclavicular field 
(p = .0001). When patients treated with three-field technique received chemotherapy 
concurrently with irradiation, the incidence was 8.8% (8 of 92) compared with 1.3% (3 
of 236) in those receiving sequential chemotherapy and irradiation to the breast only 
and 0.5% (6 of 1,296) in those treated to the breast only with irradiation alone (p = 
002). 

e At Washington University, St. Louis, MO, arm and breast edema occurred in 15% to 
22% of patients undergoing axillary dissection versus 2% not undergoing this 
procedure; irradiation did not significantly increase these sequelae. Dewar et al. (17) 
reported a higher incidence of upper-limb sequelae in patients undergoing axillary 
surgery and irradiation (33.7%) or irradiation alone (26%) than in patients treated with 
axillary dissection only (7.2%). 

e Ina review of 1,624 patients, brachial plexus dysfunction occurred in 1.8% of patients 
(59). Other investigators have found the incidence to be less than 1% (15). 

e Inarandomized study, 15 of 24 women (63%) treated with 36.6 Gy in 12 fractions 
along with tamoxifen developed pulmonary fibrosis versus 10 of 30 (83%) receiving 
irradiation alone; 5 of 14 women (36%) treated with 40.9 Gy in 22 fractions and 
tamoxifen had lung fibrosis, in contrast to 2 of 16 (13%) receiving irradiation alone (4). 

e Fowble et al. (26) observed no difference in cosmetic results or complications 
between patients who received tamoxifen combined with breast conservation therapy 
and those who did not receive tamoxifen. The incidence of radiation pneumonitis was 
0.2% and 0.3%, respectively. 

e Inareport on incidence of ischemic heart disease 15 to 20 years after irradiation in 
960 patients with breast cancer, 5 of 20 long-term patients (25%) treated with left- 
sided irradiation had technetium 99 defects, compared with none of 17 control 
patients (p = .05) (80). There was no left-ventricular dysfunction on echocardiogram. 
The conclusion was that left-chest irradiation might represent a risk factor in the 
development of ischemic heart disease. 

e Areview of 365 patients who received left-breast irradiation showed no increased risk 
of cardiac toxicity compared with 380 patients who were irradiated to the right breast 
(53). 

e Valagussa et al. (81) reported a 0.8% incidence of congestive heart failure with 
doxorubicin alone and a 2.6% incidence in patients receiving both doxorubicin and 
left-breast irradiation. 


Collagen Vascular Disease 


e Increased acute and late effects of irradiation have been reported in patients with 
preexisting collagen vascular disease (CVD). 

e Morris and Powell (51) treated 96 patients with documented CVD with breast 
conservation therapy (127 sites irradiated). Grade 3 or higher acute complications 
occurred in 15 of 127 sites (11.8%); the actuarial late complications rate was 24% at 
10 years. Late effects were less severe in patients with rheumatoid arthritis than in 
those with other CVD (6% versus 37% at 5 years) (p = .0001). 

e When these patients are irradiated, it is prudent to limit the whole-breast dose to 45 
Gy in 1.8-Gy fractions, use 6-MV photons, optimize homogeneity of dose distribution, 
and not administer concurrent chemoirradiation (62). 
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Introduction 


e Locally advanced breast cancer is defined by the 1997 American Joint Committee on 
Cancer staging criteria (see Chapter 33) as stage IIIA and IIIB disease. Stage IV 
disease includes ipsilateral supraclavicular nodal involvement in the absence of other 
sites of distant disease. 

e Clinical or pathologic findings of locally advanced carcinoma at presentation include 
the following: tumor size greater than 5 cm; clinically or pathologically positive axillary 
lymph nodes; tumor of any size with direct extension to ribs, intercostal muscles, or 
skin; edema (including peau d'orange), ulceration of skin of breast, or satellite skin 
nodules confined to the same breast; inflammatory carcinoma (T4d); and metastases 
to ipsilateral internal mammary lymph nodes or ipsilateral axillary lymph nodes fixed 
to one another or other structures. 


Natural History and Clinical Presentation 
Locally Advanced (T3 and T4) Tumors 


e Locally advanced breast cancer may evolve from a mass to infiltration of the deep 
lymphatics of dermis, causing edema of the skin. More pronounced edema (peau 
d'orange) usually indicates superficial and deep lymphatic involvement. 

e Fixation of the skin over the tumor and localized redness occur, followed by ulceration 
and infiltration of overlying skin. 

e Skin retraction may be caused by tumor invasion of Cooper's ligament. 

e Further extensive involvement includes satellite nodules and carcinoma en cuirasse, 
in which the skin becomes plaque-like and yellowish, red, or gray. 

e Lymphatic spread to axillary, internal mammary, or supraclavicular lymph nodes 
frequently occurs. 

e Common initial sites of hematogenous spread are, in order, bone, lung, and pleura. 


Inflammatory Carcinoma 
e Clinical definition of inflammatory carcinoma is the presence of warmth, erythema, 


and peau d'orange in the involved breast. 
e The pathologic criterion is the presence of tumor emboli in the dermal lymphatics. 


e Primary inflammatory carcinoma has acute presentation with erythema over the 
breast and concomitant edema and ridging, frequently without a palpable mass. 

e Secondary inflammatory carcinoma is more characteristically a neglected, locally 
advanced breast cancer with inflammatory-like changes. 


Diagnostic Workup 


e Physical examination must give special attention to documenting locoregional extent 
of tumor and checking potential sites of spread. 

e Laboratory studies include a complete blood cell count, serum chemistry profile, and 
full liver function tests. 

e |f liver function values are abnormal, a computed tomography (CT) scan of the 
abdomen should be obtained. 

e |f anemia, leukopenia, or thrombocytopenia is present, bone marrow biopsy is 
necessary. 

e Radiographic studies include chest x-ray, bone scans, and plain radiographs of 
symptomatic regions or suspicious areas of increased uptake on bone scans. 

e Atsome institutions, CT scans of the chest and abdomen are obtained routinely. 

e Bone scans generally are recommended for stage Ill or IV disease, even when the 
alkaline phosphatase level is normal. 

e |f neurologic symptoms suggest cerebral metastases, a contrast-enhanced CT scan 
or gadolinium-enhanced magnetic resonance imaging scan of the brain should be 
obtained; magnetic resonance imaging is preferred if leptomeningeal carcinomatosis 
is suspected. 


Prognostic Factors 


e Factors associated with increased local recurrence include larger, more diffuse 
tumors, presence of edema, and number of involved axillary nodes. 

e Patients without estrogen/progesterone receptors have a significantly lower survival 
rate, and are not likely to respond to hormonal therapy. Conflicting reports correlate 
the presence or absence of hormone receptors and chemotherapy response. 

e DNA distribution patterns may be of prognostic value in node-negative patients, but 
not in node-positive patients; aneuploidy and high S-phase fraction correlate with the 
absence of steroid receptors. 

e Her-2-neu overexpression is associated with poor prognosis. 

e Tumor and axillary nodal response to neoadjuvant chemotherapy is an indicator for 
disease-free survival (5,33). 


General Management 


e Because of a compelling need for systemic therapy, multiagent chemotherapy plays a 
primary role in the treatment of these patients. 

e Radiation therapy and surgery each have important roles in optimizing locoregional 
tumor control. 

e Surgery should be performed on all patients with technically resectable disease. 
Borderline resectable and unresectable locally advanced breast cancers have been 
treated with irradiation alone. 

e Neoadjuvant chemotherapy (with or without hormone therapy) before surgical 
resection and irradiation plays a prominent role (27). 

e The treatment schema is shown in Figure 34-1. 

e Multimodality integrated treatment provides the best tumor control and survival (22). 


CT ———»> Surgery —> CT (2-3 cycles) ——» CT 


(3-4 cycles) (Mastectomy) Radiation To complete 
Therapy 6-8 cycles 
(50-60 Gy) 


+ 2 drug CT 


Radiation Therapy ———> Surgery ————> CT 


+ 2 drug CT To complete 
6-8 cycles 
View Figure 


Fig. 34-1: Treatment schema for locally advanced breast cancer. CT, multiagent chemotherapy 


Radiation Therapy Techniques 
Irradiation of the Inoperable Breast 


e Patients with technically inoperable tumors should be irradiated to the breast, 
supraclavicular nodes, and axillary nodes. 

e Treatment of the ipsilateral internal mammary lymph nodes may be indicated if medial 
chest wall/breast disease is present or if there is clinical or radiographic involvement 
of the internal mammary node chain. 

e The breast is treated with photons through tangential fields with borders similar to 
those used in early breast cancer, ensuring that all potential tumor-bearing tissues 
are adequately covered. 

e Treatment of the intact breast and draining lymphatics in patients with advanced 
breast cancer presents several technical challenges: 


1. Homogeneous irradiation of the breast tissue. 

Adequate skin and dermal dose, with bolus usually required for a significant portion of 
the treatment (50%). 

3. Precise matching between the plane of the inferior border of the supraclavicular field 
with the plane of the superior border of the medial and lateral breast tangential fields. 

4. Minimal beam divergence into the lung from the medial and lateral breast tangential 
fields as well as the dose to the opposite breast from the lateral breast tangential. 

5. Adequate coverage of internal mammary nodes. Coverage in the breast-tangential 
fields often results in irradiation of too much lung; however, use of a separate, single 
anterior internal-mammary field that matches the medial border of the medial breast 
tangential field produces a "cold wedge" of breast tissue (31). 


Irradiation of the Chest Wall 


e Irradiation of the chest wall after mastectomy can be accomplished with tangential 
photon fields (as in the intact breast) or with appositional electron beams. 

e Bolus is necessary over the entire field for part of the treatment, and should be added 
to the scar alone for an additional part of the treatment. 

e Several electron-beam techniques can be used as an alternative to tangential photon 
treatment; the simplest is a single appositional field using 6- to 12-MeV electrons. CT 
scans assist in determining the thickness of the chest wall to select the optimal 
electron-beam energy. Bolus should be used for part of the treatment to increase the 
surface dose beyond the 80% to 90% typically given with these beams, and to 
minimize the lung dose. 


Field Borders 


e Anatomic landmarks defining the field borders for treatment of breast/chest wall 
tangentials, supraclavicular nodes, internal mammary nodes, and axilla are similar to 
those used to treat early breast cancer (Fig. 34-2). 

e Examples of various field arrangements for irradiation of the chest wall and regional 
lymphatics are shown in Figure 34-3. 
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Fig. 34-2: A: Example of tangential chest wall and regional lymphatic portals. B: Lateral view illustrates 
tangential field. Bolus is used on the chest wall for approximately 50% of the treatment program. (From 
Taylor ME, Perez CA, Levitt SH. Breast: Locally advanced (T3 and T4), inflammatory, and recurrent 
tumors. In: Perez CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. 
Philadelphia: Lippincott-Raven, 1998:1415—1448, with permission.) 


Fig. 34-3: Various field 
arrangements for irradiation of 
SCV y, chest wall and internal mammary 
¥10-15° and supraclavicular nodes. A: 
Internal mammary nodes covered 
ee along with chest wall by extending 
ee ee tangentials 3 cm across midline. B: 
muai lung or Internal mammary nodes covered 
eart is seen - 
by separate 5-cm-wide 
anteroposterior field. A 
disadvantage of this technique is a 
"cold triangle" of untreated tissue 
at junction with chest wall 
tangential fields. C: Internal 
mammary nodes covered by 
separate field angled laterally 5 
degrees less than medial 
tangential field. This technique can 
be used to eliminate cold triangle 
at price of increasing the lung 
dose. D: Chest wall and internal 
mammary nodes covered by 
anterior electron field. Depth of 
penetration is shaped by custom 
bolus placed on chest wall. [From 
Taylor ME, Perez CA, Levitt SH. 
Breast: Locally advanced (T3 and 
T4), inflammatory, and recurrent 
tumors. In: Perez CA, Brady LW, 


A WIDE TANGENTS 
View Figure 


No gap 
May overlap into 
16 Gy Photons IMN field : 


30 Gy Electrons 
AP IMN ~h i 
MLS 


Bolus to be used 


B 

Dashed lines 

represent 5cm 

AP photon 

IMN port 

900 cGy 
Lateral border & 
IMN field shaped 
to follow medial 

5° less than tangent (no gap, 
medial tanggnt no overlap) 
4140 cGy electron IMN Ly 
Bolus to be used 
Cc 


skin gap 
(move matchline 
once during RT) 


hiij 


pm Superflab bolus 
Ld (varying thickness 


based upon CT scan) 


6 cm wide 
IMN area 


usually 
12 Meve 


eds. Principles and practice of 
radiation oncology, 3rd ed. 
Philadelphia: Lippincott-Raven, 
1998:1415-1448, with permission.] 


Matchline Technique 


Doses 


Many methods have been used to achieve an ideal match of the anterior-oblique 
supraclavicular-field caudal edge and the cephalad edge of the tangential field. 

A nondivergent supraclavicular-field edge is achieved by blocking the inferior half of 
the field. 

Various methods achieve a nondivergent edge from the tangential beams, including 
blocking and table angulation with collimator angulation combined. 

Multiple reports describe techniques using custom cerrobend blocking for the 
cephalad-tangential border (31). 

Another technique uses a gravity-orbited block to achieve a nondivergent edge 
independent of gantry angle. Use of a half-beam block that can be rotated is another 
matching technique. 

We have used a matchline technique adapted from Lichter et al. (20) that 
mathematically yields nondivergent edges for the tangential cephalad border by 
calculating appropriate table and collimator angle combinations, depending on gantry 
angle. Both adaptations are needed to avoid the "trapezoid" effect of beam 
divergence that is prominent for gantry angles other than directly lateral. 

Precision in daily setup requires careful technical attention. 

We use an asymmetric-jaws technique to beam-split all portals along the central-axis 
plane. This technique uses one isocenter to treat the opposed tangential breast field, 
supraclavicular portal, and posterior axillary field. With the precision matchline, the 
patient does not have to move in any direction on the treatment couch (17). 


Total dose to the entire breast or chest wall is 50 Gy in 1.8- to 2.0-Gy daily fractions. 
If surgery is not feasible, the breast should be given an additional 10 to 25 Gy with 
external irradiation (electrons or photons). This should be performed with shrinking 
fields or with an iridium-192 implant to a total dose of 75 to 80 Gy. The boost dose is 
determined by the volume of residual disease. 

In patients with close or positive margins, a boost of 10 to 15 Gy is given to a reduced 
volume with "minitangential" photon or appositional electron beam portals. 

Internal mammary nodes, supraclavicular fossa nodes, and axillary nodal areas 
should receive 45 to 50 Gy over 5 to 6 weeks if no macroscopic tumor is present. 
Any gross nodal disease should be boosted with an additional 10 to 15 Gy using a 
reduced appositional electron beam field. 


Breast Conservation Therapy for Locally Advanced Operable Breast 
Cancer 


At present, neoadjuvant chemotherapy and breast conservation therapy for patients 
with locally advanced breast carcinoma may be an option in selected cases (i.e., in 
women whose tumors respond significantly to neoadjuvant chemotherapy). 

Longer follow-up is needed before this approach is accepted as the standard of care 


(3,6,16,28,32). 


Postmastectomy Radiation Therapy 


In general, postmastectomy irradiation is recommended for lesions larger than 5 cm 
in diameter; any skin, fascial, or skeletal muscle involvement; poorly differentiated 
tumors; positive or close surgical margins (less than 3 mm); lymphatic permeation; 
matted lymph nodes; two or more positive axillary lymph nodes; or gross 
extracapsular tumor extension. 

Adjuvant irradiation can be effectively given before, concurrent with, or after 
chemotherapy (1,8). More treatment sequelae occur with concurrent schedules (23). 


e In most patients, the chest wall is irradiated with tangential photon beams and the 
supraclavicular, axillary, and, as required, internal mammary lymph nodes are 
irradiated with techniques similar to those described in Figure 34-3. 

e Doses for subclinical disease in electively treated areas is 50 Gy in 1.8- to 2.0-Gy 


fractions. 

e Bolus frequently is used in the mastectomy scar and for 50% of treatments to the 
chest wall. 

e For close or positive margins, an additional 10 to 15 Gy is administered with reduced 
fields. 


e Six of seven trials showed reduction in locoregional recurrence with the addition of 
irradiation (12,19). Reports on differences in freedom from relapse and increased 
survival were inconclusive (10,15). Two randomized studies showed not only better 
locoregional control and disease-free survival but also improved overall survival 


(21,24). 
Locoregional Recurrence After Mastectomy 


e Locoregional recurrence after mastectomy is recurrent cancer in the bone, muscle, 
skin, or subcutaneous tissue of the chest wall. 

e Regional involvement may include lymph nodes in the axilla, supraclavicular, or 
infraclavicular region; ipsilateral internal mammary lymph nodes; or retropectoral 
lymph nodes. 

e Locoregional recurrences may be isolated or concomitant with distant metastases; 
complete restaging workup is mandatory. 

e Patients developing locoregional recurrence may be treated with a combination of 
irradiation, surgery, systemic therapy, or hyperthermia. 

e Surgical management may consist of local excision for purposes of debulking or may 
be extensive, as in chest wall resection. 

e Inthe treatment of chest wall recurrences with irradiation, results from Washington 
University, St. Louis, MO, documented the importance of treating the entire chest 
wall, and not merely a small local field, to reduce subsequent locoregional failures 
(13). Other series have confirmed this observation (30). 

e A second issue in the treatment of isolated locoregional recurrences is elective 
irradiation of the chest wall and regional lymphatics to prevent second recurrences in 
these sites. 

e Some authors have advocated elective irradiation of the supraclavicular area (13). A 
report from Washington University, St. Louis, MO, showed that elective 
supraclavicular irradiation reduced the second recurrence rate in that region from 
16% to 5.6%. 

e Irradiation doses of 50 Gy are given to electively treated areas and to areas where 
recurrent tumors have been completely excised. 

e For unresected lesions smaller than 3 cm, 60 to 65 Gy should be given; larger 
masses require 65 to 75 Gy (13). Several series have demonstrated a dose response 
for local tumor control (13). 

e Extracapsular axillary nodal extension or nodal size greater than 2.5 cm as a sole 
indicator for axillary irradiation in the adjuvant or recurrent setting is controversial (9). 

e Patients with chest wall recurrence after breast reconstruction generally have local 
tumor control and disease-free and overall survival similar to those of patients not 
having surgical reconstruction (7). 

e Breast reconstruction and irradiation are not incompatible, but complications and 
cosmetic failures do occur (18). Use of compensating filters limits implant exposure 
and the need to remove an implant. Use of box bolus is problematic; it lowers the risk 
of recurrence, but at the cost of poorer cosmesis and more frequent complications. 

e Several reports suggest that results with irradiation alone for locoregional breast 
recurrence can be improved by the addition of hyperthermia (11). 


Breast Carcinoma in Males 


e Standard treatment for operable breast cancer in men is modified radical 
mastectomy, with or without postoperative irradiation (14,25). 

e Hodson et al. (14) reported similar survival and local tumor control with either radical 
or modified radical mastectomy. 

e Stage Ill tumors are managed with combined-modality therapy in a manner similar to 
female breast cancer (2,4). 


Sequelae of Therapy 


e Radiation sequelae are related to irradiated volume, total dose, and concurrent 
chemotherapy. 

e After definitive irradiation for advanced carcinoma of the breast at M. D. Anderson 
Cancer Center, 20% of patients developed severe subcutaneous fibrosis; 5% to 10% 
had rib fractures and symptomatic pneumonitis, and a lower percentage had soft 
tissue and skin necrosis and ulceration (29). Patients treated with 3 weekly fractions 
had a higher incidence of late complications than those who received 5 weekly 
fractions. 

e Atthe Joint Center in Boston, 1.4% of 565 patients developed symptomatic brachial 
plexopathy; most patients received adjuvant chemotherapy (26). 

e Perez et al. (23) noted a higher incidence of sequelae with concurrent irradiation and 
systemic therapy. 
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Anatomy 


e The stomach, which begins at the gastroesophageal (G-E) junction and ends at the 
pylorus, is usually apportioned into three parts. The cranial portion is the fundus. A 
plane passing through the incisura angularis on the lesser curvature divides the 
remainder of the stomach into the body and the pyloric portion. 

e There is variable visceral peritoneal covering at the most proximal portion of the G-E 
junction, if it exists at all. 

e The stomach's vascular supply is derived from the celiac axis. 

e Lymphatic drainage follows the arterial supply. Although most lymphatics drain 
ultimately to the celiac nodal area, lymph drainage sites can include the splenic hilum, 
suprapancreatic nodal groups, porta hepatis, and gastroduodenal areas. 


Epidemiology 


e Risk factors implicated include smoked and salted foods, low intake of fruit and 
vegetables, low socioeconomic level, and decreased use of refrigeration (6,11,12). 

e Gastric ulcer per se carries no increased risk, although previous distal gastrotomy for 
benign disease confers a 1.5- to 3.0-fold relative risk of developing gastric cancer 
with a latency period of 15 to 20 years (23). 

e Helicobacter pylori is associated with a 3 to 6 times greater risk of gastric cancer than 
in those without infection. The increased association of H. pylori appears confined to 
those with distal gastric cancer and intestinal-type malignancy (8). 


Natural History 


e Cancer of the stomach may extend directly into the omenta, pancreas, diaphragm, 
transverse colon or mesocolon, and duodenum. 


e Peritoneal contamination is possible after a lesion extends beyond the gastric wall to 
a free peritoneal (serosal) surface (18). 

e The liver and lungs are common sites of distant metastases for G-E junction lesions. 
With gastric lesions that do not extend to the esophagus, the initial site of distant 
metastasis is usually the liver. 

e Itis difficult to perform a complete node dissection because of the numerous 
pathways of lymphatic drainage from the stomach (Fig. 35-1). Initial drainage is to 
lymph nodes along the lesser and greater curvatures (gastric and gastroepiploic 
nodes), but drainage continues to the celiac axis (porta hepatis, splenic 
suprapancreatic, and pancreaticoduodenal nodes), adjacent paraaortics, and distal 
paraesophageal system. 


Fig. 35-1: Patterns of failure in 82 evaluable patients in 
the University of Minnesota Reoperation series. Large 
solid circles indicate local failures in surrounding 
organs or tissues; large open circles indicate lymph 
node failures. [Modified from Gunderson LL, Sosin H. 
Adenocarcinoma of the stomach: areas of failure ina 
reoperation series (Second or symptomatic looks): 
clinicopathologic correlation and implications of 
adjuvant therapy. Int J Radiat Oncol Biol Phys 
1982;8:1—-11, with permission. ] 


Clinical Presentation 


e The most common presenting symptoms are loss of appetite, abdominal discomfort, 
weight loss, weakness (from anemia), nausea and vomiting, and tarry stools. 


Diagnostic Workup 


e Diagnosis usually is confirmed by upper gastrointestinal radiography and endoscopy. 
Double-contrast x-ray films may reveal small lesions limited to the inner layers of the 
gastric wall. Endoscopy with direct vision, cytology, and biopsy yields the diagnosis in 
90% or more of exophytic lesions. 

e Abdominal computed tomography is useful in determining the abdominal extent of 
disease. 

e Endoscopic ultrasound is the most accurate method of preoperatively assessing 
tumor (T) and nodal (N) stage. 


Staging Systems 


e The TNM system presented by Kennedy (14) is compared in Table 35-1 with a 
modification of the Astler-Coller rectal system, suitable for all alimentary tract 
carcinomas. 


Table 35-1: Staging systems for gastric carcinoma 


Modified 
Astler-Coller | TNIV? Characteristics 
Stage A TINO Nodes negative; lesion limited to mucosa 
Stage B1 T2NO (Nodes negative; extension of lesion through mucosa but still within | 
gastric wall 
Stage B2° T3NO Nodes negative; extension through entire wall (including serosa if 
present) with or without invasion of surrounding tissues or organs 
Stage C1 T2N1— Nodes positive; lesion limited to wall 
2 
‘Stage G2” T3N1- Nodes positive; extension of lesion through entire wall (including 
2 serosa) 


*T4, diffuse involvement of entire thickness of stomach wall (linitis plastica); N1, perigastric 
nodes in immediate vicinity of primary tumor; N2, involvement of perigastric nodes at a 
distance from primary tumor or on both curvatures. 


’Separate notation is made regarding degree of extension through wall: m, microscopic only; 
g, gross extension confirmed by microscopy; B3 + C3, adherence to or invasion of 
surrounding organs or structures; both T3 and M1 in TNM system. 


Pathologic Classification 


e Adenocarcinoma accounts for 90% to 95% of all gastric malignancies. 
e Lymphoma, usually with unfavorable histology, is the second most common 
malignancy. 


Prognostic Factors 


e The most important prognostic indicator is tumor extent. 
e Lymph node involvement is also important, as are the number and location of nodes 
affected. 


General Management 


e Operative attempts are highly successful if disease is limited to the mucosa, but the 
incidence of such early lesions at diagnosis is less than 5% in most United States 
series. 

e The preferred treatment for gastric carcinoma, especially for lesions arising in the 
body or antrum, is radical subtotal resection, if satisfactory margins can be achieved. 
This operation removes approximately 80% of the stomach with the node-bearing 
tissue, the gastrohepatic and gastrocolic omenta, and the first portion of the 
duodenum. 

e The propensity for gastric carcinoma to spread by means of submucosal lymphatics 
suggests that a 5-cm margin of normal tissue proximally and distally may be optimal. 

e The increasing incidence of T3 and T4 G-E tumors has resulted in a greater 
incidence of microscopically positive radial margins. The perigastric tissue 
surrounding the G-E junction and distal esophagus has no serosa. 

e Two prospective randomized trials of lymphadenectomies showed no survival 
advantage with more extensive lymph node dissection (3,4,13,19). R1 dissection 
removes only the perigastric nodal areas; R2 procedures also remove celiac axis, 
splenic artery, and splenic hilar nodes. 


e Disease progression within the abdomen is approximately 57%. Abdominal treatment 
should also address peritoneal seeding, which occurs in 23% to 43% of 
postgastrectomy patients (23). 

e Radiation therapy, usually administered with concomitant 5-fluorouracil (5-FU)-based 
chemotherapy, is indicated in locally confined gastric cancer that is either not 
technically resectable or occurs in medically inoperable patients. 

e Patients who undergo gastric resection and have either incomplete tumor resection or 
truly positive margins of resection are appropriately managed by combined-modality 
therapy. 

e The role of irradiation as adjuvant therapy in completely resected but high-risk 
patients is being evaluated. 

e Based on the sites of locoregional failure (Table 35-2), the gastric tumor bed, 
anastomosis and stump, and regional lymphatics should be included in all patients. 
Major nodal chains at risk include lesser and greater curvature, celiac axis, 
pancreaticoduodenal, splenic, suprapancreatic, and porta hepatis. 

e Parallel-opposed anteroposterior-posteroanterior fields are the most practical 
arrangement for the major portion of tumor nodal irradiation. 

e In view of the posterior extent of the gastric fundus, it is often impractical to use 
lateral portals for 10 to 20 Gy to spare the spinal cord or kidney. 

e The average irradiation field is 15 cm x 15 cm. 

e With single daily fractions, the usual dose is 45 to 52 Gy delivered in 1.8- to 2.0-Gy 
fractions over 5.0 to 5.5 weeks, with a field reduction after 45 Gy. 

e Reduced boost fields to small areas of residual disease can sometimes be cautiously 
carried to doses of 55 to 60 Gy. 

e For proximal gastric lesions, 50% or more of the left kidney is commonly within the 
irradiation portal, and the right kidney must be appropriately spared. For distal lesions 
with narrow or positive duodenal margins, a similar amount of right kidney often is 
included. 

e With proximal gastric lesions or those at the G-E junction, a 3- to 5-cm margin of 
distal esophagus should be included. 


Table 35-2: Patterns of locoregional failure after resection of gastric cancer 
Incidence (%) 
Failure area Clinical’ | Reoperation” | Autopsy’ 


Gastric bed 21 54 52-68 
Anastomosis or stumps 25 26 54-60 
Abdominal or stab wound = 5 — 
Lymph node(s) 8 42 52 


“130 patients at risk (15). 
°107 patients at risk (10). 


°92 patients at risk (17); and 28 patients at risk (24). 


Postoperative Radiation Therapy 


e Radiation therapy has no proven benefit after gross complete resection. 

e Combination radiation therapy and chemotherapy clearly are capable of sterilizing 
known residual disease. Irradiation of the locoregional area therefore could sterilize 
subclinical disease in most resected or resectable tumors with involved nodes or T3 
or T4 primary lesions. 


e The British Stomach Cancer Group completed a prospectively randomized trial of 
surgery only versus chemotherapy with 5-FU, doxorubicin (Adriamycin), and 
mitomycin-C (FAM) versus irradiation (45 Gy in 25 fractions + 5 Gy boost) (1,11). 
Randomized analysis of overall survival and cause of death of all patients revealed 
no significant differences among the three groups. Locoregional failure as a 
component of initial failure was documented in only 15 of 153 (10%) in the irradiation 
cohort, 39 of 145 (27%) in the surgery-only arm, and 26 of 138 (19%) in the FAM 
group. This improvement was statistically significant (log rank p <.01). 


Locally Unresectable or Postoperative Residual Disease 


e Ina Gastrointestinal Tumor Study Group randomized trial of patients with localized 
gastric cancer whose disease was not resected for cure, combined irradiation and 
chemotherapy improved survival but caused increased early treatment-related 
morbidity and mortality (21). 

e Concomitant 5-FU with external irradiation consistently improves survival and 
palliation. 

e Ina European Organization for Research and Treatment of Cancer trial among 
patients with incompletely resected tumors, all long-term survivors received both 
concomitant and postirradiation chemotherapy (2). 


Neoadjuvant Chemotherapy 


e Chemotherapy downsizing of tumors converts some tumors to resectable status. 
e The resectability rate ranges from 29% to 88%, and the curative resection rate is 8% 
to 76%, thus illustrating the importance of selection factors (23). 


Chemotherapy 


e Ina North Central Cancer Treatment Group prospective, randomized, phase III trial 
comparing 5-FU, 5-FU plus doxorubicin, and FAM, overall responses were similar; 
there were no differences in survival (7). 

e Atthe 2000 American Society for Clinical Oncology meeting, Macdonald et al. (16) 
presented a randomized study of postoperative irradiation (45 Gy, 18 cGy fx) 
combined with either 5-FU leucovorin calcium or observation after surgery. The 3- 
year disease-free survival was 49% for the chemoradiation group and 32% for the 
observation group (p = .001). Overall survival was 52% and 41%, respectively (p = 
.03). Postoperative chemoradiation may now be considered standard care for high- 
risk, resected, locally advanced adenocarcinoma of the stomach and the 
gastroesophageal junction. 


Sequelae of Treatment 


e Anorexia, nausea, and fatigue are common complaints during gastric irradiation. 

e The Gastrointestinal Tumor Study Group reported a minimum 13% treatment-related 
mortality from nutritional problems or septic events (21). 

e Moderate doses of 16 to 36 Gy reduce secretion of pepsin and hydrochloric acid 
(5,9,20,22). For this reason, radiation therapy was once a common and successful 
therapy for peptic ulcer disease. 

e Gastric late effects are rare with doses of 40 to 52 Gy using conventional 
fractionation. 

e There is a relatively low risk of gastric late effects with doses less than 50 Gy when 
radiation therapy is used for locally advanced gastric cancer (with or without 
chemotherapy). However, at doses of 50 to 55 Gy there is up to a 9% risk of variable 
gastric late effects. 

e Doses of 60 Gy carry a 5% to 15% risk of gastric late effects. 
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Pancreatic Cancer 


Anatomy 


The pancreas lies in the retroperitoneal space of the upper abdomen at 
approximately the level of the first two lumbar vertebrae. 

Tumors in the head of the pancreas commonly invade or compress the common bile 
duct, causing jaundice and dilatation of the bile ducts and gallbladder. 

Primary lymphatic drainage is to superior and inferior pancreaticoduodenal, porta 
hepatis, and suprapancreatic nodes. 


Clinical Presentation 


Jaundice, pain, anorexia, and weight loss are the most common presenting 
symptoms. 

Generalized peritoneal involvement is more common with carcinoma of the body and 
tail than with carcinoma of the head. 

The incidence of liver or peritoneal metastases is higher for lesions in the body and 
tail (75%) than in the head (83%). 


Diagnostic Workup 


For diagnostic purposes and radiation treatment planning, a computed tomography 
(CT) scan is better than ultrasound or arteriograms in defining extent of disease, 
although the latter may provide complementary information. 

The biliary tract component can be evaluated by transhepatic cholangiography and 
endoscopic retrograde cholangiopancreatography (ERCP). ERCP typically 
demonstrates obstruction of the common bile duct as well as a long, irregular stricture 
in the pancreatic duct. Obstruction of the bile duct and pancreatic duct results in 
dilatation of both; this is commonly referred to as the "double duct" sign. Cytologic 
assessment of pancreatic duct brushings may provide a definitive diagnosis, with 
sensitivity rates of 33% to 62% and specificity rates approaching 100%. 

Endoscopic ultrasound has an accuracy of 75% to 92% in identifying pancreatic 
neoplasms and can guide the use of fine-needle aspiration biopsy. Magnetic 
resonance cholangiopancreatography is a noninvasive alternative to ERCP. Ina 
recent study by Magnuson et al. (18) involving 25 patients with peripancreatic cancer, 
magnetic resonance cholangiopancreatography identified the level of biliary 
obstruction in 96% and correctly predicted malignancy in 84% (17). 

The tumor marker CA 19-9 is also helpful in the diagnosis and follow-up of patients 
with pancreatic cancer. CA 19-9 levels above the upper normal limit of 37 units per 
mL have 80% accuracy in identifying patients with pancreatic cancer. The accuracy 
improves to up to 95% when the cutoff value is increased to 200 units per mL (17). 


Staging System 


e The current American Joint Committee on Cancer staging system is described in 
Table 36-1. 


General Management 


e Standard surgical treatment for pancreatic cancer is the pancreatoduodenectomy, 
first described by Whipple et al. (26) in 1935. 

e For patients with unresectable tumors or metastatic disease, death usually results 
from hepatic failure due to biliary obstruction by local tumor extension or hepatic 
replacement by metastases. 

e For the small number of patients (10% to 20%) undergoing a potentially curative 
pancreatoduodenectomy, the three major sites of disease relapse are the bed of the 
resected pancreas (local recurrence), the peritoneal cavity, and the liver. 

e High local failure rates of 50% to 86% occur despite resection. This is due to frequent 
cancer invasion into the retroperitoneal soft tissue, as well as the inability to achieve 
wide retroperitoneal soft tissue margins because of anatomic constraints to wide 
posterior excision (Superior mesenteric artery and vein, portal vein, and inferior vena 
cava) (9). 

e Current data do not suggest increased survival with the addition of chemotherapy, 
except when it is given in combination with irradiation. For resectable tumors, the 
Gastrointestinal Tumor Study Group (4) showed that adjuvant 40-Gy split course over 
6 weeks with 5-fluorouracil (5-FU) could prolong median survival from 10.9 months to 
21.0 months (2-year survival 18% to 46%). For unresectable pancreatic cancer, the 
Gastrointestinal Tumor Study Group (5) also showed that a similar chemoirradiation 
regimen yielded median survival of 9.6 months versus 5.2 months with 60 Gy in 10 
weeks alone. 

e The European Study Group for Pancreatic Cancer trial randomizes patients with 
resected adenocarcinoma of the pancreas to surgery alone, surgery plus RT and 5- 
FU, surgery plus 5-FU and leucovorin calcium, or surgery and RT plus 5-FU with 
adjuvant 5-FU and leucovorin calcium. The Radiation Therapy Oncology Group is 
attempting to establish the role of additional chemotherapy after combined RT and 5- 
EU for resected adenocarcinoma of the pancreas. All patients receive protracted 
infusion 5-FU and postoperative radiation (50.4 Gy) in 28 fractions and are then 
randomized to multiple cycles of either infusion 5-FU or gemcitabine hydrochloride. 


Radiation Therapy Techniques 


e The dose-limiting organs for irradiation of upper abdominal cancers are the small 
intestine, stomach, liver, kidneys, and spinal cord. 

e In patients undergoing surgery, clips should be placed to mark the extent of the lesion 

for later external irradiation. 

The patient should be supine during simulation and treatment. 

e An initial set of anteroposterior (AP) and cross-table lateral films is obtained after 
injection of renal contrast to identify operative clips and renal position relative to the 
field center. Additional films may be obtained with contrast in the stomach and 
duodenal loop. 

e The intent of treatment is to use multiple-field, fractionated external-beam techniques 
with high-energy photons to deliver 45 to 50 Gy in 1.8-Gy fractions to unresected or 
residual tumor, as defined by CT and clips, and to nodal areas at risk. 

e With lesions in the head of the pancreas, major node groups include the 
pancreaticoduodenal, porta hepatis, celiac, and suprapancreatic nodes. 

e The suprapancreatic node group is included with the body of the pancreas for a 3- to 
5-cm margin beyond gross disease, but more than two-thirds of the left kidney is 
excluded from the AP-posteroanterior (PA) field because at least 50% of the right 
kidney is often in the field because of duodenal inclusion. 

e The entire duodenal loop with margin is included because pancreatic head lesions 
may invade the medial wall of the duodenum and place the entire circumference at 
risk (Fig. 36-1). 

e With pancreatic body or tail lesions, at least 50% of the left kidney may need to be 
included to achieve adequate margins and include node groups at risk (lateral 
suprapancreatic and splenic hilum). Because inclusion of the entire duodenal loop is 
not indicated with these lesions, at least two-thirds of the right kidney can be 
preserved, but with tailored blocks, it is usually possible to cover pancreaticoduodenal 
and porta hepatis nodes adequately (Fig. 36-2). 


e For head of pancreas lesions, the superior field extent is at the middle or upper 
portion of the T-11 vertebral body for adequate margins on the celiac vessels (T-12, 
L-1). 

e The upper-field extent is occasionally more superior with body lesions to obtain an 
adequate margin on the primary lesion. 

e With lateral fields, the anterior-field margin is 1.5 to 2.0 cm beyond gross disease. 
The posterior margin is at least 1.5 cm behind the anterior portion of the vertebral 
body to allow adequate margins on paraaortic nodes, which are at risk with posterior 
tumor extension in head or body lesions. 

e The lateral contribution is usually limited to 18 to 20 Gy because a moderate volume 
of kidney or liver may be in the field (Fig. 36-2). 

e After resection, AP-PA and lateral fields are designed on the basis of preresection CT 
primary tumor volumes, operative clip placement, and postoperative CT nodal 
volumes (16). 

e The only border that can be more restrictive is the anterior border on lateral fields, 
since the primary tumor has been resected. This border is determined by vascular or 
nodal boundaries as demonstrated on CT (porta hepatis, superior mesenteric, and 
celiac). 


Fig. 36-1: A: Computed tomography scan reveals the tumor at the pancreatic head causing 
obstruction of the pancreatic duct and the duodenal loop. A stent is in place. B: Tumor extends to the 
body of the pancreas. (Courtesy of Dr. Wade Thorstad.) 
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Fig. 36-2: Three-dimensional planning for four-field external-beam irradiation for the tumor shown in 
Figure 36-1. A,B: Initial portal to cover the gross tumor and margins for set-up error for 45 Gy in 25 
fractions. The field is extended to the right to cover the pancreaticoduodenal and porta hepatis nodes 
and at least two-thirds of the right and left kidneys are shielded. C,D: Boost fields for additional 9 Gy 
in 5 fractions. E,F: Dose-volume histograms show target coverage and normal tissue sparing. 
(Courtesy of Dr. Wade Thorstad.) 


Table 36-1: American Joint Committee TNM staging system for pancreatic cancer 
Primary tumor (T) 


TX Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Tis Carcinoma in situ 

T1 Tumor limited to the pancreas, =2 cm in greatest dimension 

T2 Tumor limited to the pancreas, >2 cm in greatest dimension 

T3 Tumor extends directly into any of the following: duodenum, bile duct, 


prepancreatic tissues 


T4 Tumor extends directly into any of the following: stomach, spleen, colon, adjacent 
large vessels 


Regional lymph nodes (N) 


NX Regional lymph nodes cannot be assessed 
NO No regional lymph node metastasis 

N1 Regional lymph node metastasis 

pNia Metastasis in a single regional lymph node 

pNib Metastasis in multiple regional lymph nodes 


Distant metastasis (M) 


MX Presence of distant metastasis cannot be assessed 
MO No distant metastasis 

M1 Distant metastasis 

Stage grouping 


Stage 0 (Tis NO MO 
Stage! T1 NO MO 
T2 NO MO 
Stage II |T3 NO MO 
Stage III |T1 N1 MO 
T2 N1 MO 
T3 N1 MO 
Stage T4 Any N MO 
IVA 
Stage Any T Any N M1 
IVB 


From Fleming ID, Cooper JS, Henson DE, et al., eds. AJCC cancer staging manual, 5th ed. 
Philadelphia: Lippincott-Raven, 1997:121—126, with permission. 


Biliary Tract Cancer 
Anatomy 


e The bile ducts originate within the liver, with the left and right hepatic ducts joining to 
form the common hepatic duct. 

e At the origin of the cystic duct, it becomes the common bile duct. The cystic duct 
drains bile from the gallbladder into the common duct. 

e The gallbladder is adjacent to the undersurface of the liver. 

e Primary lymphatic drainage of the biliary tract is to nodes within the porta hepatis and 
pancreaticoduodenal groups. 


Clinical Presentation 


e Patients often present with painless obstructive jaundice, weight loss, or Courvoisier's 
gallbladder. 

e Liver metastases are common; the next-most frequent sites of distant involvement 
are peritoneal and pulmonary, with less frequent spread to ovaries, spleen, bones, 
and other distant organs. 

e Peritoneal seeding at initial presentation was reported for 19% of 1,611 explored 
cases and 20% of 400 autopsy cases (24). 

e Regional lymph nodes were involved in 42% and 52% of patients at exploration and 
autopsy, respectively; retroperitoneal lymph nodes were involved in 23% and 26% of 
patients (24). 


Diagnostic Workup 


e Inpatients with jaundice, ultrasonography or CT can distinguish between obstructive 
and nonobstructive etiology. Obstruction causes dilated intrahepatic ducts. 

e CT body scans and ultrasound have been used in gallbladder lesions to delineate 
tumor extent, liver invasion, liver metastases, and retroperitoneal adenopathy. 

e Thin-needle percutaneous biopsy with a transhepatic catheter in position is 
successful in achieving a tissue diagnosis in approximately 90% of patients. 

e |f tissue diagnosis cannot safely be achieved, an elevation of CA 19-9 of 100 m per 
mL or higher in conjunction with typical diagnostic radiographic changes is sufficient 
to initiate treatment. 


Staging System 


e The American Joint Committee on Cancer staging system for biliary tract lesions is 
given in Table 36-2. 


Prognostic Factors 


e Nodal status and degree of local extension are the main prognostic factors. 

e Tumors of the distal common bile duct plus ampulla of Vater are the most resectable 
and have the best prognosis. Gallbladder plus midductal lesions (cystic duct, proximal 
common bile duct) are prone to early regional spread and have poor prognoses. 

e Klatskin's tumors (hilar or common hepatic duct lesions) have the lowest resectability 
rate (only 5% in one series) (1). 

e Of 171 patients treated with surgical exploration at the Mayo Clinic for extrahepatic 
cholangiocarcinoma from 1976 to 1985, the rate of curative resection (negative 
margins) by site of primary tumor was 15% for proximal lesions, 33% for midductal, 
and 56% for distal (19). 


General Management 


e Usual options include surgical bypass, U-tubes, or nonoperative decompression with 
percutaneous transhepatic catheters or a retrograde endoscopic prosthesis. 

e Surgical removal of a malignant gallbladder lesion often necessitates blunt dissection 
from the liver with narrow or nonexistent margins. 

e Lesions in the periampullary region or distal common duct carry a uniformly better 
prognosis; resection with a Whipple procedure is usually feasible and yields long-term 
survival in 30% to 40% of these patients. 

e Incombined series with "curative" simple cholecystectomy for gallbladder cancer, 95 
of 110 patients (86%) with early relapse died with or because of local recurrences, 
and 11 of 25 patients (44%) alive at 5 years had local recurrence; 12 of 16 patients 
(75%) treated with radical curative cholecystectomy died with or because of local 
recurrence (15). 

e Initial spread through the wall of the organ was the best predictor of locoregional 
recurrence, which occurred in 4 of 11 patients (86%) with lesions confined to the wall 
and in 9 of 14 (64%) with lesions extending beyond the wall (14). 

e Single chemotherapeutic agents capable of invoking tumor response include 5-FU 
and mitomycin-C (20). 


Radiation Therapy Techniques 


e Although the superior and inferior extent of disease can often be outlined by a 
percutaneous cholangiogram or ERCP, the amount of extraductal disease is poorly 
defined by any noninvasive procedure. 

e Clip placement at surgical exploration or resection can be useful in outlining the 
extrahepatic portion of ductal lesions and defining the bed of the gallbladder. 

e Areas at risk for local relapse include the tumor bed, unresected tumor and nodes 
along the porta hepatis, pancreaticoduodenal system, and celiac axis. 

e The simulation procedure is similar to that for pancreatic cancer. 

e The initial large-field treatment volume can be included to 40 to 45 Gy in 1.7- to 1.8- 
Gy fractions given 5 days a week with a three- or four-field plan (AP and lateral or 
AP-PA and lateral portals). If possible, blocks are used to exclude normal stomach, 
small intestine, kidney, and liver (2,3,8,10) (Fig. 36-3). 

e Use of lateral fields for part of the treatment allows decreased dose to the spinal cord, 
right kidney, and portions of the liver. 

e Wedge-pair or arc techniques can be used in large or boost fields to alter dose 
distribution (Fig. 36-3). 

e Liver tolerance to irradiation may necessitate an initial field reduction after 30 to 36 
Gy and, if gross disease exists, a second reduction after 45 to 50 Gy. 

e For bile duct primary lesions, the preferred intrahepatic field margin beyond gross 
ductal disease is 3 to 5 cm because of the tendency for submucosal spread within 
lymphatics; these margins may need to be reduced to 2 to 3 cm after 30 to 36 Gy. 

e The upper dose level within the second boost is 55 to 70 Gy, delivered over 6.5 to 8.0 
weeks with external beam alone. 


e |f boost-dose irradiation is feasible with brachytherapy techniques, the tumor nodal 
dose is carried to 45 to 50 Gy with external techniques, and 20 to 30 Gy is delivered 
to a 1-cm radius with transcatheter iridium 192. 

e In bile duct cancer patients with subtotal resection and residual disease, the addition 
of external irradiation may improve survival (6,7,25). 

e The European Organization for Research and Treatment of Cancer analyzed a group 
of 55 patients, 17 of whom were treated with surgery alone and 38 of whom received 
postoperative irradiation (52 of 55 had pathologically positive margins) (6). The 
irradiated patients had a median survival of 19 months versus 8.3 months with 
surgery alone; 1-year survival was 85% versus 36%; 2-year survival was 42% versus 
18%; and 3-year survival was 31% versus 10% (p = .0005). 

e Significant palliation (and occasional long-term survival) can be obtained with 
external-beam irradiation of unresectable or recurrent ductal lesions to doses of 40 to 
70 Gy given in 4.5 to 8.0 weeks; however, permanent local control is uncommon. 
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Fig. 36-3: Treatment planning alternatives for biliary duct cancer. A: Four-field technique for tumor and 
nodes. B: Moving arcs for boost plan. (From Gunderson LL, Willett CG. Pancreas and hepatobiliary tract. 
In: Perez CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: 
Lippincott-Raven, 1998:1467—1488, with permission.) C: Wedge-pair boost plan. 


Table 36-2: American Joint Committee TNM staging system for biliary tract cancer 
(gallbladder, extrahepatic bile duct, and ampulla of Vater) 


Primary tumor (T): extrahepatic bile duct (EHBD) 
TX Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Tis Carcinoma in situ 


T1 Tumor invades subepithelial connective tissue or fibromuscular layer 
Tumor invades subepithelial connective tissue 


Tia 
Tumor invades fibromuscular layer 
Tib 
T2 Tumor invades perifibromuscular connective tissue 
T3 Tumor invades adjacent structures: liver, pancreas, duodenum, gallbladder, colon, 


stomach 
Primary tumor (T): gallbladder 
TX, TO ‘Same as for EHBD 


T1 Tumor invades lamina propria or muscle layer 
Tumor invades lamina propria 

Tia 
Tumor invades muscle layer 

T1b 

T2 Tumor invades perimuscular connective tissue; no extension beyond serosa or into 
liver 

T3 Tumor perforates serosa (visceral peritoneum) or directly invades into one adjacent 
organ, or both (extension £2 cm into liver) 

T4 Tumor extends >2 cm into liver and/or into two or more adjacent organs (stomach, 
duodenum, colon, pancreas, omentum, extrahepatic bile ducts, any involvement of 
liver) 


Primary tumor (T): ampulla of Vater 
TX, Same as for EHBD 


TO, Tis 

T1 Tumor limited to ampulla of Vater or sphincter of Oddi 

T2 Tumor invades duodenal wall 

T3 Tumor invades =2 cm into the pancreas 

T4 Tumor invades >2 cm into the pancreas and/or into other adjacent organs 


Lymph nodes (N): gallbladder, EHBD, and ampulla 
NX Regional lymph nodes cannot be assessed 


NO No regional lymph node metastasis 
N1 Ampulla: regional lymph node metastasis 
N1 Gallbladder and EHBD: metastasis in cystic duct, pericholedochal and/or hilar 


nodes (i.e., in hepatoduodenal ligament) 


N2 Gallbladder and EHBD: metastasis in peripancreatic (head only), periduodenal, 
periportal, celiac, and/or superior mesenteric lymph nodes 


EHBD only: posterior pancreaticoduodenal lymph nodes 
Metastasis (M): gallbladder, EHBD, and ampulla 
MX Distant metastasis cannot be assessed 
MO No distant metastasis 
M1 Distant metastasis 


Modified from Fleming ID, Cooper JS, Henson DE, et al., eds. AJCC cancer staging manual, 
5th ed. Philadelphia: Lippincott-Raven, 1997:102-126, with permission. 
Liver Cancer 


e Resection is the treatment of choice for primary liver tumors and solitary metastatic 
lesions, if technically feasible. 


e Infusion chemotherapy with implantable pumps can achieve significant palliation; its 
potential value in treating metastatic lesions has been compared with systemic 
chemotherapy in randomized trials. Although response rates are higher with direct 
infusion, no significant difference in survival has been observed. 

e The potential impact of hyperfractionated irradiation for hepatocellular cancers was 
evaluated in a sequential, nonrandomized Radiation Therapy Oncology Group trial of 
135 patients (22). The standard arm consisted of seven daily fractions of 3 Gy to a 
total of 21 Gy plus doxorubicin and 5-FU on days 1, 3, 5, and 7. The experimental 
arm used the same chemotherapy regimen with hyperfractionated irradiation of 1.2 
Gy given twice daily (with 4-hour intervals between fractions), 5 days per week, to a 
dose of 24 Gy. Although no benefit was observed with the hyperfractionated regimen 
over the standard arm (response rates of 18% and 22%, respectively), toxicity in the 
experimental arm was greater: Esophagitis appeared in 19% and 1%, respectively (p 
= .0001), and grade 1 to 4 thrombocytopenia appeared in 68% and 49%, respectively 
(p = .03). 

e The major factor restricting irradiation to a palliative role is the inability of the liver to 
tolerate a dose of more than 25 to 30 Gy in 3 to 4 weeks. Data from Memorial 
Hospital and Stanford University indicate that most cases of irradiation-induced 
hepatitis occur at or above 35 Gy to the entire liver (210 Gy per week), and that no 
cases of persistent or fatal hepatitis have occurred at a dose of less than 38.5 Gy 
(11,13,21). 

e Small portions of the liver can receive 50 to 60 Gy without significant long-term 
morbidity. 


Sequelae of Treatment 
Gastric and Duodenal Tolerance 


e With external irradiation doses of 55 Gy or less to the duodenum or stomach, the risk 
of severe gastrointestinal complications varied from 5% to 10%, depending on which 
parameter was evaluated (3). At doses greater than 55 Gy, one-third of patients 
developed severe problems. In patients who received external irradiation plus iridium, 
the dose to the external field was limited to 50.4 Gy, but most received additional 
irradiation dose to the duodenum or stomach from the iridium boost (higher doses 
with distal lesions). There was a 30% to 40% incidence of severe complications in the 
duodenum or stomach in this group of patients. 


Biliary Duct Tolerance 


e Todoroki (23) studied the effects of large, single doses of radiation to the liver hilum in 
rabbits and found hepatic parenchymal atrophy, significant biliary fibrosis, and 
necrosis at doses greater than 30 Gy. 

e Transhepatic catheters or U-tubes were previously left in place in these patients until 
the degree of stenosis stabilized or lessened on serial cholangiograms, which usually 
occurred within 12 to 18 months of treatment. Because of stent-related morbidity, 
attempts are now made to remove transhepatic catheters or endoscopic stents within 
3 to 6 months of the brachytherapy boost, if imaging techniques of the biliary tree 
suggest this is medically feasible (9). 


Hepatic Artery Tolerance 


e With intraoperative radiation doses of 20 Gy or less after resection, no severe 
vascular complications occurred (12). 
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Anatomy 
Rectum 


e The rectum begins where the large bowel loses its mesentery, at the level of the body 
of the third sacral vertebra. 

e Peritoneum covers the upper portion laterally and anteriorly near its junction with the 
sigmoid colon and only anteriorly near the peritoneal reflection. The peritoneum is 
reflected anteriorly onto the seminal vesicles and bladder in males and onto the upper 
vagina and uterus in females, leaving the lower half of the rectum without a peritoneal 
covering. 

e Three transverse folds, two on the left and one on the right, divide the rectum 
topographically into thirds. The middle transverse fold, approximately 11 cm from the 
anal verge, provides a landmark for the peritoneal reflection. 

e The portion below the middle valve is the rectal ampulla; if it is resected, stool 
frequency often is increased markedly (important to consider when choosing between 
a "radical" sphincter-sparing procedure, such as coloanal anastomosis, or a 
"conservative" sphincter-sparing procedure, such as endocavitary irradiation). 

e Lymphatic drainage follows the superior rectal vessels, which empty into the inferior 
mesenteric nodes. 

e Lymphatic drainage of the middle and lower rectum also occurs along the middle 
rectal vessels, terminating in internal iliac nodes. 

e The lowest part of the rectum and upper part of the anal canal share a plexus that 
drains to lymphatics that accompany the inferior rectal and internal pudendal blood 
vessels and ultimately drain to internal iliac nodes. 

e Carcinomas of the lower rectum or those extending into the anal canal may 
occasionally metastasize to superficial inguinal nodes via connections to efferent 
lymphatics draining the lower anus (Fig. 37-1) (16). 
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Fig. 37-1: Lymphatic drainage of large bowel, including colon wall. (Modified from Cole PP. The 
intramural spread of rectal carcinoma. BMJ 1913;1:431; and Villemin F, Huard P, Montagué M. 
Recherches anatomiques sur les lymphatiques du rectum et de l'anus: leurs applications dans le 
traitement chirurgical du cancer. Rev Chir 1925;63:39.) 


Colon 


e Ascending and descending colon and splenic and hepatic flexures lack mesentery 
and are immobile because of their retroperitoneal location. 

e Cecum lacks a true mesentery but may have some mobility because of short folds of 
peritoneum that are variably present. 

e Lymphatic drainage follows the inferior mesenteric vessels for left colon and superior 
mesenteric vessels for right colon. 

e If tumor involves adjacent organs in the true or false pelvis, iliac nodes may be at risk. 

e Periaortic lymph nodes may be at risk when cancer invades the retroperitoneum. 


Natural History 


e Discontinuous spread of colon and rectal cancer occurs by peritoneal seeding, 
lymphatic spread, hematogenous spread, and surgical implantation. 

e Peritoneal spread is rare in rectal cancer because most of the rectum is below the 
peritoneal reflection. 

e Extension within the bowel usually occurs only for short distances. 

e Primary venous and lymphatic channels originate in submucosal layers of bowel; 
cancers limited to the mucosa are at little risk for dissemination. 

e Lymph node involvement occurs in nearly 50% of patients with deeper tumors. 

e Skip metastasis or retrograde spread occurs in 1% to 3% of node-positive patients 
and is thought to be due to lymphatic blockage. 


Clinical Presentation 


e Hematochezia is the most common presenting feature in rectal and lower sigmoid 
cancer. 

e Abdominal pain is common in patients with colon cancer. 

e Other presenting symptoms include change in bowel habit, nausea, vomiting, anemia, 
or abdominal mass. 


Diagnostic Workup 


e Diagnostic procedures include detailed history, physical examination, and 
endoscopic, radiographic, and laboratory studies (Table 37-1). 

e In patients with rectal cancer, a digital rectal examination and endoscopy are 
mandatory. 

e For colon and rectal tumors, attention should be given to palpation of any extrarectal 
mass that may suggest peritoneal spread. 

e In women, a complete pelvic examination, including rectovaginal examination, is 
mandatory. 

e Potential areas of metastatic spread, including inguinal lymph nodes (particularly with 
rectal lesions near the dentate line), supraclavicular lymph nodes, liver, abdominal 
mass, or ascites, should be evaluated. 

e Barium enema and proctosigmoidoscopy or colonoscopy should be performed to rule 
out second primary large bowel cancers and to biopsy any suspicious lesions. 

e For rectal cancer, barium enema performed before resection, including a cross-table 
lateral view, can assist greatly in planning radiation therapy. 

e Intrarectal ultrasonography is useful in determining if lesions are limited to the bowel 
wall and therefore amenable to sphincter-preservation techniques such as local 
excision or endocavitary irradiation and to assess lymph node involvement. 

e If liver and renal function studies are abnormal, computed tomography scan or 
ultrasonography is indicated. 

e Preoperative carcinoembryonic antigen value is an independent prognostic factor in 
large bowel cancer; serial measurement postoperatively is used to identify disease 
progression in asymptomatic patients. 


Table 37-1: Diagnostic workup for colorectal cancer 
General 
History 
Physical examination, including detailed rectal examination 
Pelvic examination (female patients) 
Radiographic and endoscopic studies 
| Barium enema or colonoscopy 
Proctosigmoidoscopy (if colonoscopy not done) 
Chest radiography 
Computed tomography or magnetic resonance imaging (pelvis, abdomen, if indicated) 
Intrarectal ultrasound (if indicated) 
Routine laboratory studies 
| Complete blood cell count 
Blood chemistry profile, including liver and renal function studies 
Carcinoembryonic antigen 
Molecular biologic markers 


From Martenson JA Jr, Gunderson LL. Colon and rectum. In: Perez CA, Brady LW, eds. 
Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 
1998:1489-1510, with permission. 


Staging Systems 


e Dukes described a staging system based on extent of disease penetration through 
the bowel wall and presence or absence of nodal metastasis (5). 

e The Astler-Coller staging system allows specification of both tumor penetration and 
nodal involvement; its modification also permits specification of tumor adherence to 
surrounding organ structures (Table 37-2) (2,29). 

e The Dukes, Astler-Coller, and modified Astler-Coller systems are postoperative 
pathologic staging systems and cannot be used preoperatively. 

e The tumor-node-metastasis system of the American Joint Committee on Cancer can 
be used as a Clinical (preoperative) or postoperative pathologic staging system (8). 


Table 37-2: Staging systems for large bowel cancer 


Staging system 
Moditied 
Dukes | Astler- Astler- Tumor-node- 
(5) Coller (2) Coller metastasis Description 

A A A TINO Nodes negative; limited to mucosa 

A B1 B1 T2NO Nodes negative; penetration into 
submucosa but not through muscularis 
propria 

B B2 B2 T3NO Nodes negative; penetration through 
muscularis propria 

B2 B3 T4NO Nodes negative; penetration through 

muscularis propria with adherence to or 
invasion of surrounding organs or 
structures 

C C1 C1 T1-2N1-3 Nodes positive; limited to bowel wall 

C C2 C2 T3N1-3 Nodes positive; penetration through 
muscularis propria 

C C2 C3 T4N1-3 Nodes positive; penetration through 


muscularis propria and adherence to or 
invasion of surrounding organs or 
structures* 


“In the tumor-node-metastasis system, T4 lesions also include those lesions with visceral 
peritoneal involvement. N1 designates involvement of one to three nodes; N2, four or more 
nodes; and N3, involvement of nodes adjacent to a named blood vessel. 


From Martenson JA Jr, Gunderson LL. Colon and rectum. In: Perez CA, Brady LW, eds. 
Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 
1998:1489-1510, with permission. 


Pathology 


e Most malignant tumors of the large bowel are adenocarcinomas; most are moderately 
well-differentiated histologically. 


Prognostic Factors 


e Tumor penetration of the bowel wall and lymph node involvement are important 
prognostic factors; both are associated with increased risk of local recurrence. 

e Absolute number and proportion of involved lymph nodes are important predictors of 
outcome (28). 


Presence of both lymph node involvement and extension of disease beyond the 
bowel wall is more ominous than the presence of either alone (28). 

In patients with low rectal cancer being considered for sphincter-sparing treatment, 
clinical mobility, size, and morphology of the lesion are predictors of outcome (24). 
Aneuploidy and high proliferative index (measured by adding percentage of cells in S 
phase to those in G; and M phase) are associated with worse survival in colorectal 
cancer (35). 


General Management 


Colon 


Postoperative irradiation can be considered in patients with close or positive surgical 
margins or in patients with T4 lesions adherent to the pelvic structure. 

Willett et al. (33) reported a retrospective analysis of 152 patients undergoing 
resection of T4 colon cancer followed by moderate- to high-dose postoperative tumor 
bed irradiation with and without 5-fluorouracil (5-FU)-based chemotherapy. Of the 152 
patients, 110 patients (T4NO or T4N+) were treated adjuvantly, whereas 42 patients 
received irradiation for the control of gross or microscopic residual local tumor. 

The 10-year actuarial rates of local control and recurrence-free survival for 79 
adjuvantly treated patients were 88% and 58%, respectively. The 10-year actuarial 
rates of local control and recurrence-free survival of 39 patients with T4 tumors 
complicated by perforation or fistulas were 81% and 53%, respectively. For 42 
patients with incompletely resected tumors, the 10-year actuarial recurrence-free 
survival was 19%. In comparison with historical controls, postoperative tumor bed 
irradiation improves local control for some subsets of patients (33). 


Rectum 


Surgical resection is the treatment of choice for most patients. 

Anterior resections are technically feasible in patients with tumors at least 6 to 8 cm 
above the anal verge; survival rates are similar to those for abdominoperineal 
resection. 


Preoperative Adjuvant Therapy for Resectable Lesion 


There are 11 randomized trials showing the advantage in local control of preoperative 
radiation therapy (RT) without chemotherapy (18). 

Patients with rectal lesions larger than 2 cm, particularly if the lesions are sessile and 
not well-differentiated, are candidates for a short course of preoperative irradiation 
(20 to 25 Gy in five fractions) (4,9,20,21,30). 

Patients with T3, tethered, or poorly differentiated tumors are frequently treated with 
higher doses of preoperative irradiation (45 to 46 Gy, 1.8- to 2.0-Gy fractions), 
frequently combined with chemotherapy (5-FU), followed by surgery 4 to 6 weeks 
later (13). 

If no preoperative irradiation is given, in the presence of the above findings or positive 
pelvic nodes at surgery, postoperative irradiation (50.4 Gy, 1.8-Gy fractions) is 
indicated (21,32). 

At the Mallinckrodt Institute of Radiology, preoperative RT with continuous 5-FU 
infusion has rendered pathologic complete response in 20% to 30% of patients with 
locally advanced rectal cancer as compared with 10% complete response in patients 
treated with RT alone. 

Preoperative chemoradiotherapy is now considered as a standard adjuvant therapy 
for rectal cancer, except some early-stage tumors. 


Postoperative Adjuvant Therapy for Resectable Lesion 


e Inpatients who receive postoperative irradiation, several surgical procedures assist in 
planning treatment and minimizing toxicity; these include pelvic floor reconstruction 
and reperitonealization or using an absorbable mesh sling (1,6) to minimize the 
volume of small bowel in the pelvis. 

e A full description of tumor extent and placement of clips demarcating the tumor bed 
and residual disease assist in designing irradiation fields. 

e Studies from the Gastrointestinal Tumor Study Group, Mayo/North Central Cancer 
Treatment Group have demonstrated improvement of local control and survival with 
postoperative RT plus bolus 5-FU/semustine (16). 

e A National Cancer Institute consensus in 1990 recommended postoperative adjuvant 
for patients with T3 and/or N1-2 disease (16). 

e Based on several reports, adjuvant chemotherapy (5-FU and leucovorin or 5-FU and 
levamisole) is used in patients at risk for pelvic recurrence or distant metastases 


(7,17,19). 


Patterns of Failure after Curative Resection 


e Of 74 patients with rectal cancer treated surgically who underwent elective or 
symptomatic "second-look" operations because they were thought to be at high risk 
for local recurrence, 52 (70%) had metastatic or locally recurrent cancer. 
Locoregional recurrence in the pelvis or paraaortic nodes was the only failure in 24 of 
52 patients (46%) and occurred as a component of failure in 48 (92%) (11). 

e Patients with disease extension beyond the bowel wall, with nodal involvement, or 
both generally have local recurrence rates of 20% to 70% (16). Distant metastasis 
occurs in approximately 30% of patients who undergo curative resection of rectal 
cancer; the most common sites of involvement are liver, lung, and peritoneum (16). 

e Local failure in colon cancer is highest among patients with tumors adhering to 
surrounding structures and those with both tumor extension beyond the bowel wall 
and metastatically involved lymph nodes (12,26). The local recurrence rate among 
these patients is 30% to 49% (34). 

e Approximately 20% of patients who undergo curative resection of colon cancer 
develop distant metastasis; most common sites are liver, lung, and peritoneum (26). 


Radiation Therapy Techniques 
External Radiation Therapy 


e = Shrinking-field technique should be used, with initial irradiation fields designed to treat 
the primary tumor volume and regional lymph nodes. 

e Smaller fields can be used to treat the primary tumor bed to higher doses, as clinically 
indicated. 

e The width of posteroanterior portals (Fig. 37-2) should cover the pelvic inlet with a 2- 
cm margin; the superior margin is usually 1.5 cm above the level of the sacral 
promontory. 

e Inpatients who have had anterior resection, the usual inferior margin is below the 
obturator foramina. 

e If the pelvis is treated, lateral fields should be used for a portion of the treatment to 
avoid as much small bowel as possible. Bladder distention and prone position are 
useful techniques for displacing the small bowel out of the pelvis. 

e The posterior field margin for lateral fields is critical because the rectum and perirectal 
tissues lie just anterior to the sacrum and coccyx; the posterior field margin should be 
at least 1.5 to 2.0 cm behind the anterior bony sacral margin (Figs. 37-2 and 37-3). 

e The entire sacral canal should be included for locally advanced disease to avoid 
sacral recurrence from tumor spread along nerve roots (16). 

e Mobile or slightly tethered lesion can be treated with 20 to 25 Gy in four to five 
fractions of preoperative RT. More advanced disease would be treated with 45 Gy in 
25 fractions. 


e When internal iliac and presacral nodes are at risk for metastases, they are not 
dissected and should be included in the initial irradiation volume treated to 45 Gy. 

e External iliac nodes are not a primary lymph node drainage site and are not included 
unless pelvic organs with external iliac drainage (prostate, upper vagina, bladder, 
uterus) are involved by direct extension. 

e Radiopaque markers can be used to outline the extent of the perineal scar at 
simulation for posterior and lateral fields. 

e Anteriorly, the lower third of the rectum abuts the posterior vaginal wall or prostate, 
which should be included in patients with distal lesions. In females, this can be 
verified by placing a contrast-soaked tampon in the vagina during radiation therapy 
simulation. 

e Irradiation of the perineum after abdominoperineal resection decreases perineal 
recurrences. At the Mayo Clinic, the perineal failure rate was 2% at 5 years for 
patients receiving postoperative irradiation in whom the perineum was included in the 
irradiation field for the initial 40 Gy, in contrast to 23% if the entire perineum was not 
treated (p = .01) (28). 

e Temporary, acute, and moderate-to-moderately severe perineal discomfort can be 
mitigated with use of three-field technique (posteroanterior and laterals, with wedges 
on lateral fields, heels posterior). 

e The incidence of late complications has not increased as a result of perineal 
irradiation. 

e Bolus applied to the perineal scar during posteroanterior treatment ensures adequate 
dose to this site. 

e Dose to the large fields, including tumor bed and regional lymph nodes, should be 45 
Gy in 5 weeks. 

e After this, a boost to the primary tumor bed and immediately adjacent lymph nodes 
should be considered. Boost fields are defined by barium enema, computed 
tomography scan, or clip placement. Doses greater than 50.4 Gy generally should not 
be administered unless there is complete shift of the small bowel out of the final boost 
field. 

e |f irradiation is used for locally advanced extrapelvic colon cancer, the tumor bed 
should be covered with a 3- to 5-cm margin. 

e Adjuvant irradiation for colon cancer usually is given in the context of a formal 
prospective clinical trial. 

e A combination of external and intraoperative irradiation has been used (10). 
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Fig. 37-2: Initial posteroanterior (A) and lateral (B) irradiation fields used in adjuvant treatment of rectal 
cancer. In patients with tumor adherence to prostate, bladder, vagina, or uterus, the anterior border of 
lateral field is modified so that it is anterior to the symphysis pubis to provide coverage of the external 
iliac nodes. APR, abdominoperineal resection; AR, anterior resection. (From Martenson JA Jr, Schild 
SE, Haddock MG. Cancers of the gastrointestinal tract. In: Khan FM, Potish RA, eds. Treatment 
planning in radiation oncology. Baltimore: Williams & Wilkins, 1997.) 


Fig. 37-3: Postoperative four-field techniques after resection of rectal cancer and reanastomosis of 
bowel. (A) Patient is in prone treatment position, posterior view. (B) Lateral tumor and lymph node 
fields after anterior resection with contrast medium in rectum, small lead shot in anal verge, and 
tampon in vagina. (From Gunderson LL, Russell AH, Llewellyn Hu, et al. Treatment planning for 
colorectal cancer: radiation and surgical techniques and value of small bowel films. /nt J Radiat Oncol 
viol Phys 1985;11:1379.) 


Sphincter Preservation 
Endocavitary Radiation Therapy 


e Indications for endocavitary radiation therapy were described by Papillon (24). 

e When the suitability of a patient for this technique is assessed, intrarectal 
ultrasonography is helpful for determining tumor confinement to the rectal wall (31). 

e Treatment is performed on an outpatient basis. 

e Local anesthesia in the anal canal occasionally is required for introducing the 3-cm 
diameter applicator into the rectum. 

e The radiation oncologist verifies the position of the applicator and coverage of the 
lesion. A lead apron and gloves are worn by the radiation oncologist, who holds the 
applicator firmly in place during the x-ray exposure. 

e Treatment usually consists of four 30-Gy treatments separated by intervals of 
approximately 2 weeks. 

e Ashort-focal-distance (contact) x-ray unit is used at 50 kVp at a dose rate of 
approximately 10 Gy per minute. 

e If tumor size exceeds the diameter of the applicator, several overlapping fields must 
be used (22,27). 


Local Excision with or without Postoperative Irradiation 


e Limited surgical resection has been used in selected patients with superficial tumors 
(limited to submucosa or muscularis mucosa) (3). 
e To minimize local recurrence, postoperative irradiation (45 to 50 Gy) has been used 


19,25). 


Sequelae of Treatment 


e Diarrhea is the most common acute toxicity during pelvic irradiation; approximately 
24% of patients developed severe or life-threatening diarrhea when pelvic irradiation 
was used in combination with protracted 5-FU infusion (23). 

e Consistently worse bowel function was found in patients who received irradiation and 
chemotherapy (56% reported occasional fecal incontinence in comparison with only 
7% of those not receiving adjuvant treatment) (p <.001) (14). 

e Endocavitary irradiation is well-tolerated; approximately 35% of patients have minor 
rectal bleeding; rectal urgency occurs in approximately 20%. These symptoms 
usually improve. 

e Ulcers develop in approximately 75% of patients after intracavitary radiation therapy, 
but this condition is usually asymptomatic and resolves in most patients (15). 
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Anatomy 


e The anal canal is approximately 3 to 4 cm long and extends from the level of the 
pelvic floor to the anal verge. 

e The superior margin is determined clinically by the palpable upper border of the anal 
sphincter and puborectalis muscle of the anorectal ring. The distal end of the canal at 
the anal verge approximates the palpable groove between the lower edge of the 
internal sphincter and the subcutaneous part of the external sphincter (Fig. 38-1). The 
American Joint Committee on Cancer (9) and the Union International Contre le 
Cancer recommend this definition of the anal canal rather than one used by some 
centers, in which carcinomas that arise above or exactly astride the dentate line are 
classified as anal canal tumors and those lying mainly or entirely below that line are 
called anal margin tumors. 

e Perianal carcinomas are arbitrarily considered to be cancers arising from the skin 
within a 5- to 6-cm radius of the anal verge. 

e The major lymphatic pathways drain to three lymph node systems. The perianal skin, 
anal verge, and canal distal to the dentate line drain predominantly to the superficial 
inguinal nodes, with some communications to the femoral nodes, and to the external 
iliac system. Lymphatics from the area around and above the dentate line flow with 
those from the distal rectum to the internal pudendal, hypogastric, and obturator 
nodes of the internal iliac system. The proximal canal drains to the perirectal and 
superior hemorrhoidal lymph nodes of the inferior mesenteric system. 

e There are many lymphatic connections between the various levels of the anal canal; 
an intramural system connects the lymphatics of the anal canal to those of the rectum 


(6). 


Fig. 38-1: 
Anatomy of anal 
region. (From 
Cummings Bu. 
Anal canal. In 
Perez CA, Brady 
LW, eds. 
Principles and 
practice of 
radiation 
oncology, 3rd ed. 
Philadelphia: 
ere Lippincott-Raven, 
TRANS TIONAL ee 1998:1115-1125, 


— ANAE with permission.) 
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Natural History 


e Multivariate analyses in women demonstrated a far greater risk for anal cancer in 
patients with ten or more lifetime sexual partners [relative risk (RR) = 4.5]; a history of 
anal warts (RR = 11.7), genital warts (RR = 4.6), gonorrhea (RR = 3.3), cervical 
dysplasia (RR = 2.3), prior testing for human immunodeficiency virus (HIV) (RR = 
1.7), a known history of a sexually transmitted disease in sexual partners (RR = 2.4), 
or engaging in anal receptive intercourse before the age of 30 (RR = 3.4) or with 
multiple partners (RR = 2.5) (10). 

e Human papillomavirus (HPV) was present in 88% of the tumors from 394 patients 
with anal cancer; HPV was absent in 20 of the tumors from patients with rectal 
adenocarcinoma (10). Interestingly, 73% of the anal cancer patients with HPV 
detected in their tumors had HPV-16, the same strain as linked to the development of 
cervical cancer. 

e Epidermoid carcinomas of the anal canal spread most commonly by direct extension 
and lymphatic pathways; hematogenous metastases are less common. 

e Direct invasion from the anal mucosa into the sphincter muscles and perianal 
connective tissue spaces occurs early; cancers were confined to the mucosa at 
diagnosis in only 12% of patients in one large series (2). In approximately half of the 
cases, these cancers extend into the rectum and/or perianal skin (7). 

e Invasion of the vaginal septum and mucosa is more common than invasion of the 
prostate gland. 

e Extensive tumors may infiltrate the sacrum and coccyx or the pelvic side walls. 

e Lymphatic invasion occurs relatively early. Pelvic lymph node metastases are found 
in approximately 30% of patients treated by abdominoperineal resection (2). 

e |n one series, metastases were present in the superior hemorrhoidal nodes in 25% 
(15 of 61); in the external iliac, obturator, or hypogastric nodes in 30% (8 of 27); and 
in the inguinal nodes in 16% (12 of 74) of patients with epidermoid carcinomas of the 
anal canal (28). 

e Inguinal metastases are clinically detectable in approximately 20% of patients at the 
time of initial diagnosis and are usually unilateral. 

e Nodal metastases are seen in 30% of superficial tumors and 63% of deeply infiltrating 
or poorly differentiated tumors (6). 

e Extrapelvic visceral metastases are identified at the time of presentation in 
approximately 10% of patients and are found most frequently in the liver and lungs. 

e Relapse after initial treatment is more common in the area of the primary tumor and 
the regional lymph nodes than in extrapelvic organs (2,7,21,31). 


Clinical Presentation 


e Bleeding and anal discomfort are the most common symptoms (reported by 50% of 
patients); other complaints include awareness of an anal mass, pruritus, anal 
discharge, and less frequently pain. 

e With proximal anal canal tumors, there may be an alteration in bowel habits, but this 
symptom is unusual with distal carcinomas. 

e Occasionally, asymptomatic tumors are found during physical examination, and 
unsuspected microinvasive carcinoma is sometimes found in mucosa removed at 
hemorrhoidectomy. 

e Gross fecal incontinence resulting from sphincter destruction occurs in less than 5% 
of patients, although some fecal soiling is common. 

e Synchronous inguinal node metastases are found in approximately 20% of patients. 


Diagnostic Workup 


e The history and physical examination should stress features that delineate the extent 
of the primary tumor, including anal sphincter competence (Table 38-1). 

e A biopsy of the primary tumor is necessary to establish the diagnosis and the 
histologic type. 

e General anesthesia may be needed to permit detailed pelvic and anorectal 
examination, which should include proctoscopy and sigmoidoscopy. 

e Because lymph node enlargement may be caused by reactive hyperplasia in as many 
as half of those with palpable inguinal nodes, clinically suspicious nodes should be 
assessed by needle biopsy or simple excision (6). 

e Transanorectal ultrasonography may help to identify the depth of tumor penetration 
into the anal wall (15). 

e Bipedal lymphangiography gives some information on the status of the external and 
common iliac nodes but is not essential. Metastases in the internal iliac and superior 
hemorrhoidal nodes cannot be identified reliably by lymphangiography, pelvic 
lymphoscintigraphy, computed tomography, or magnetic resonance imaging. 

e Achest film is sufficient screening for pulmonary metastases. 

e Abdominal and pelvic computed tomography scans are useful to outline the tumor 
and identify liver metastases. 

e Skeletal studies are not indicated if there are no focal symptoms. 

e Full blood count, renal and liver function tests, and, if there are any risk factors 
present, assessment of human immunodeficiency virus antibody status are routine 
tests (6). 


Table 38-1: Diagnostic workup for cancer of the anal canal 
Essential 
History 
Physical examination 
Regional lymph nodes 
Adjacent organs for direct invasion 
Anogenital areas for concurrent malignancies 
Proctoscopy 
Biopsy of primary tumor 
Fine-needle aspiration biopsy or simple excision of enlarged inguinal nodes 
Chest x-ray 
Computed tomography of abdomen and pelvis 
Liver and renal chemistry 
Complete blood cell count 
Human immunodeficiency virus antibodies, if risk factors present 
Anal sphincter manometric studies 


Colonoscopy or air contrast barium enema (to exclude other sources of lower 


gastrointestinal tract bleeding) 


Bipedal lymphangiography 


From Cummings Bu. Anal canal. In Perez CA, Brady LW, eds. Principles and practice of 
radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:1115-1125, with 
permission. 


Staging 


e With the emergence of treatment strategies designed to preserve anorectal function, 
staging systems based on surgicopathologic parameters have been replaced by 
clinical staging systems. 

e The system most commonly used is that proposed by the Union International Contre 
le Cancer and American Joint Committee on Cancer (Table 38-2) (9). 


Table 38-2: Classification and staging of carcinoma of the anal canal’ 


Primary tumor (T) 


TX Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Tis Carcinoma in situ 

T1 Tumor 2 cm in greatest dimension 

T2 Tumor >2 cm but not >5 cm in greatest dimension 

T3 Tumor >5 cm in greatest dimension 

T4 Tumor of any size invades adjacent organ(s) (e.g., vagina, urethra, bladder); 


involvement of the sphincter muscle(s) alone is not classified as T4 
Regional lymph nodes (N) 


NX Regional lymph nodes cannot be assessed 

NO No regional lymph node metastasis 

N1 Metastasis in perirectal lymph node(s) 

N2 Metastasis in unilateral internal iliac or inguinal lymph node(s) 

N3 Metastasis in perirectal and inguinal lymph nodes and/or bilateral internal iliac 


and/or inguinal lymph nodes 
Distant metastasis (M) 


MX Distant metastasis cannot be assessed 
MO No distant metastasis 
M1 Distant metastasis 
Stage grouping 
Stage 0 Tis NO MO 
Stage | T1 NO MO 
Stage II T2 NO MO 
T3 NO MO 
Stage T1 N1 MO 
IIA 
T2 N1 MO 
T3 N1 MO 


T4 NO MO 


Stage 
IIIB 


Stage 
IV 


T4 N14 IMO 
‘Any T N2 MO 
[Any T N3 MO 
Any T Any N M1 


“The tumor-node-metastasis classification is for staging of cancers that arise in the anal canal 
only. Cancers that arise in the anal margin are staged according to cancers of the skin. 


From Fleming ID, Cooper JS, Henson DE, et al., eds. AJCC cancer staging manual, 5th ed. 
Philadelphia: Lippincott-Raven, 1997:91—95, with permission. 


Pathologic Classification 


The World Health Organization pathologic classification is the most commonly used 
(17). 

Squamous cell carcinomas (cloacogenic carcinomas), representing approximately 
80% of all malignant tumors of the anal canal, are subdivided into large cell 
keratinizing, large cell nonkeratinizing, and basaloid. 

Some nonkeratinizing tumors resemble transitional cell cancers of the urinary 
bladder. 

Approximately 70% of squamous cell cancers are keratinizing or nonkeratinizing, and 
30% are basaloid. 

Mucoepidermoid cancers are rare. 

The remaining cancers arising in the canal include adenocarcinomas of rectal type or 
from anal glands or fistulas, small cell cancers, and undifferentiated cancers. 


Prognostic Factors 


Anatomic extent of disease provides the most prognostic value (4). 

When anal cancer is confined to the pelvis, size of the primary tumor is the most 
useful indicator for local control, preservation of anorectal function, and survival 
(7,14). 

Involvement of regional lymph nodes is a moderately adverse factor for survival but 
not for primary tumor control (7). 

Presence of extrapelvic metastases is the most adverse factor for survival (29). 
Some series suggest that women have a better prognosis than men (14). 

Age at diagnosis has no independent prognostic significance (2,7,14). 

Histologic subtype of epidermoid carcinoma is not an independent prognostic factor 
when corrected for stage (2,7,14,26). Poorly differentiated tumors are associated with 
a worse prognosis than moderately or well-differentiated tumors, although this 
significance was lost in some series when adjusted for stage (2,26). 

DNA ploidy as a prognostic factor has produced conflicting results (13,26,34). 

P53 protein expression was found to be an independent prognostic factor in patients 
with anal carcinoma managed with irradiation, 5-fluorouracil (5-FU), and mitomycin C 
(3,35). 

In a multivariate analysis (16), elevated pretreatment levels of serum squamous cell 
carcinoma antigen superseded tumor stage, size, and histopathologic grade as a 
prognostic factor, but this was not found in another smaller series. 


General Management 


Three recently completed randomized trials established that the combination of 
radiation therapy, 5-FU, and mitomycin C is the standard against which other 
treatments should be compared (1,8,33). 


e Radical resection has not been compared formally with either irradiation or irradiation- 
chemotherapy combinations, but irradiation-based regimens produce survival rates at 
least equal to those of surgical series, while allowing the preservation of anorectal 
function in most patients (24,33). 

e Wide local excision with sphincter sparing has been used in selected patients with 
limited, superficial tumors. 

e Extensive tumors that have destroyed the anal sphincter or when there is a fistula 
(i.e., to the vagina) require abdominoperineal resection. 


Combined-Modality Therapy 
Primary Tumor 


e Interest in combined-modality therapy has grown steadily since Nigro (22) reported 
complete tumor regression in patients treated with a combination of irradiation, 5-FU, 
and mitomycin C or porfiromycin before abdominoperineal resection. The 
effectiveness of this combination as a radical treatment rather than as an adjuvant to 
surgery was demonstrated in many nonrandomized studies and was confirmed in two 
randomized trials. 

e The Anal Cancer Trial Working Party of the United Kingdom Coordination Committee 
on Cancer Research (32) randomized 585 patients to receive either radiation therapy 
alone (45 Gy of external-beam irradiation with either a 15-Gy external-beam boost or 
a 25-Gy brachytherapy boost) or similar radiation therapy with concurrent 5-FU and 
mitomycin. Patients assigned to receive chemoirradiation had a reduced likelihood of 
local failure (61% vs. 39%, p = .0001) and of dying from anal cancer (28% vs. 39%, p 
= .02). 

e The European Organization for the Research and Treatment of Cancer (1) 
randomized 110 patients with T3—4N0-3 or T1—2N1-3 anal cancer to receive either 
radiation therapy (45 Gy with a 15- or 20-Gy boost) with concurrent chemotherapy (5- 
FU and mitomycin) or irradiation alone. The chemoirradiation group experienced a 
higher pathologic complete remission rate (80% vs. 54%), an 18% higher 5-year 
locoregional control rate (p = .02), a 32% higher colostomy-free rate (p = .002), and 
improved progression-free survival (61% vs. 43%, p = .05). 

e Arandomized Radiation Therapy Oncology Group trial established that the 
combination of mitomycin C, 5-FU, and irradiation is more effective than 5-FU and 
irradiation, with statistically significant improvement in disease-free survival after 5 
years (67% vs. 50%, p = .006) (8). 

e The optimum irradiation and chemotherapy schedules are not known. In randomized 
and nonrandomized series of patients treated with irradiation, 5-FU, and mitomycin C, 
the primary anal cancer has been controlled without surgery in approximately 70% to 
80% of patients; no more than 5% to 10% overall have later lost anorectal function 
because of treatment-related complications (6). 

e The combination of irradiation, 5-FU, and cisplatin was also effective in the treatment 
of epidermoid anal cancer in 95 patients and demonstrated a colostomy-free survival 
and overall survival at 5 years of 71% and 84%, respectively (11). 

e After chemoirradiation, random biopsies from the site of the primary carcinoma are 
sometimes recommended but are not necessary. Elective biopsies do not appear to 
lead to better results than can be achieved by directed biopsies only of areas 
suspected clinically of harboring residual or recurrent cancer. 

e Treatment of local residual cancer or recurrence is planned according to the extent of 
locoregional and extrapelvic disease and based on assessment of the potential for 
preserving anorectal function. It may be possible to deliver further irradiation and 
chemotherapy (8). When conservative treatment is not possible, surgery, usually 
radical abdominoperineal resection, should be considered. 


Lymph Node Metastases 


e Lymph node metastases can be eradicated by the same irradiation and 
chemotherapy doses effective against primary anal cancer. 

e Management of inguinal node metastases varies from radical dissection to excision 
biopsy of enlarged nodes or needle biopsy only, followed by radiation therapy or 
irradiation and chemotherapy (7). 


e Radical dissection of the inguinofemoral nodes is not necessary and carries a high 
risk of late morbidity; subsequent irradiation to the pelvis or groin areas after 
extensive nodal resections increases that risk. 

e Elective irradiation, with or without chemotherapy, of clinically normal inguinal node 
areas causes little morbidity and reduces the risk of late node failure in that area to 
less than 5% (31). 


Extrapelvic Metastases 


e Up to one-third of patients dying of anal cancer now have distant metastases only, 
whereas in historical series this pattern was found in no more than 10%. 

e The median survival after the diagnosis of extrapelvic metastases is 8 to 12 months 
(29). 

e A survey of the reports of treatment of metastatic cancer suggests that the most 
active combination is 5-FU and cisplatin, although complete responses are 
uncommon. 


Radiation Therapy 


e Radiation therapy alone, either external-beam or interstitial, has been restricted 
largely to patients unable to receive combined irradiation and chemotherapy as 
described above. 

e Irradiation alone is quite effective, particularly for treatment of smaller cancers, and 
should be considered for patients with human immunodeficiency virus infection who 
present with anal cancer. 

e Patients with acquired immunodeficiency syndrome tolerate both cytotoxic 
chemotherapy and radiation therapy poorly; however, it is often possible to treat 
these patients with low-dose-per-fraction, small-volume irradiation alone (4). 


Radiation Therapy Techniques 


e Treatment of the primary tumor and regional lymph nodes (inguinal, pararectal, and 
internal iliac nodes) is recommended for all epidermoid cancers, except superficial 
well-differentiated squamous cell cancers less than 3 cm in size situated in the distal 
canal, which are at low risk of having node metastases. 

e Acute and late morbidity can be reduced by avoiding tangential irradiation to the 
sensitive skin of the perineum and external genitalia and by use of daily irradiation 
fractions of no more than 2 Gy (5). 

e = The irregularities and curvatures of the perineum and lower pelvis make homogenous 
radiation distributions difficult to achieve. Innomogeneities can be reduced by use of 
transmission block filters (19) or compensators (27), but care must always be taken to 
avoid regions of excessive dose. 


Whole-Pelvis Techniques 


e Many radiation oncologists prefer to treat the primary tumor and posterior pelvic and 
inguinal nodes in continuity with anterior-posterior opposed fields. 

e If the patient is prone, the anus can be readily visualized and bolus placed selectively 
over any perianal tumor extension; alternatively, the patient may be treated in the 
supine position to reduce some of the inhomogeneities produced by the natural 
curvatures of the pelvic and perineal soft tissues (4). 

e The upper border of the field is placed at the lumbosacral junction if the common iliac, 
upper presacral, and lower perisigmoid nodes of the superior hemorrhoidal system 
are to be treated. This border is commonly moved down during treatment to about the 
level of the lower end of the sacroiliac joints, the approximate level of the bifurcation 
of the iliac vessels, thus encompassing only the perirectal and internal and external 
iliac nodes, to lessen the risk of radiation enteritis (8). 

e Some authors consider it unnecessary to treat lymph nodes above the level of the 
lower border of the sacroiliac joints (7). 

e The lateral borders of either the anterior field or both anterior and posterior fields are 
set sufficiently wide to include the inguinal and external iliac nodes; a lymphogram is 


useful, although not essential, for localizing this boundary. The inguinal nodes 
generally lie just medial to the junction of the lateral edge of the rim of the acetabulum 
and the iliac bone (4). 

The inferior border is placed 3 cm distal to the lowermost extension of the primary 
tumor, which should be indicated with a radiopaque marker during simulation (Fig. 
38-2). 
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Fig. 38-2: Computed tomography simulation film illustrating portals used for irradiation of patients with 
anal carcinoma and reduced posteroanterior field for boost to anal and perineal areas. Tumor volume 
is delineated, along with inguinal groin nodes, which were not clinically enlarged. G, groin nodes; T, 


tumor. 


Posterior Pelvis Techniques 


If the posterior pelvic tissues and inguinal nodes are treated discontinuously, the 
volume irradiated is reduced compared with that in whole-pelvis techniques. 

In this approach, the inguinal nodes are often treated by electron beams. It is 
important to ensure that a beam of sufficient energy is selected to irradiate the nodes 
effectively (20). 

The anal canal and posterior pelvis may be treated by three- or four-field techniques, 
analogous to those used for rectal cancer (Fig. 38-3) (12). These techniques spare 
the anterior perineum and external genitalia to some extent but do involve beams 
tangential to the perineum with their attendant high skin doses. 

Papillon (23) described a technique using a perineal field directed to the anus and a 
posterior pelvic arc field that encompassed the perirectal, presacral, and internal iliac 
nodes. The patient is placed in the lithotomy position for the perineal field and either 
supine or prone for the posterior arc field. By selective and limited use of bolus over 
the skin, this technique delivers a lower dose to the perineum than other alternatives 
and reduces morbidity. 
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Fig. 38-3: Transverse isodose distribution through anal canal for technique in which half of the tumor 
dose is given by large anterior-posterior opposed fields with cobalt 60 or 6-MV photons, and half is 
given with 18-MV photons to a reduced volume by a four-field anterior-posterior-lateral arrangement. 
Isodoses are normalized to 100%. A, anal canal target volume. (From Papillon J. Rectal and anal 
cancers: conservative treatment by irradiation: an alternative to radical surgery. Berlin: Springer- 
Verlag, 1982, with permission.) 


Dose-Time Factors 


e The choice of megavoltage beam energy should be based on the technique used and 
the tissues to be included in the high-dose volume. 

e With external-beam irradiation without concurrent chemotherapy, a dose to the 
primary tumor of 60 to 65 Gy in 6 to 7 weeks is recommended. 

e The primary tumor and regional nodes are treated to a dose of 40 to 45 Gy in 4 to 5 
weeks, after which the volume is reduced to include the primary tumor, with a 2- to 3- 
cm margin. This volume may also be treated by interstitial therapy, external-beam 
therapy with a perineal field, or multifield techniques (7,8). 

e During simulation of the reduced external-beam volume, a thin catheter filled with 
barium is placed in the anal canal and distal rectum, with a marker to indicate the 
anal verge. Urethral or vaginal markers may also be useful. 

e Additional tumor dose of 15 to 20 Gy in 2 weeks is given to the reduced volume. 

e |f interstitial irradiation is used, a dose of 20 Gy at 0.5 cm from the plane of the 
implant over 24 hours is recommended (23). Use of a template ensures regular 
spacing of the sources, which are usually arranged in a single plane. The risk of 
stenosis or necrosis is reduced if the whole anal circumference is not implanted (23). 

e Proven metastases in the inguinal nodes and palpable enlarged perirectal or pelvic 
side wall nodes should be treated to the same total dose as the primary tumor (60 to 
65 Gy in 6 to 7 weeks or equivalent). 

e When irradiation is given with concurrent 5-FU and mitomycin C, or 5-FU and 
cisplatin, midpelvic or posterior pelvic doses of 30 Gy in 3 weeks to 45 to 50 Gy in 5 
weeks have been given to volumes as described earlier without undue late toxicity. 
However, up to half of the patients treated require an interruption in treatment 
because of the severity of acute enteroproctitis or perineal dermatitis or have planned 
split-course treatment to reduce toxicity. 

e Current data suggest that doses of 30 Gy in 3 weeks to 50 Gy in 5 weeks control 
approximately 85% or more of primary tumors up to 5 cm in size (T1 and T2) (6). 
Larger tumors appear to benefit from higher doses, of the order of 55 Gy in 7 weeks 
(split course) with multiple-field external-beam treatment, or 60 Gy with combined 
external-beam (approximately 45 Gy) and interstitial or perineal field therapy 
(approximately 15 Gy). 

e Although there is some suggestion that even higher doses (approximately 60 Gy or 
more at 1.8 to 2.0 Gy per fraction by external beam) may improve tumor control rates, 


these doses have sometimes been associated with increased levels of acute 
morbidity and have not always led to a beneficial therapeutic ratio (18,25). 

e Acombination of 5-FU and mitomycin C with a radical course of radiation therapy (50 
Gy delivered in only 4 weeks at 2.5 Gy per fraction) caused excessive acute and late 
toxicity (7). 

e When clinically normal lymph nodes are irradiated electively, doses of approximately 
40 Gy in 4 weeks in combination with chemotherapy are adequate. 

e Nodal metastases should be treated with the same dose as the primary tumor. 


Sequelae of Therapy 


e With combined radiation therapy, 4-day infusions of 5-FU, and bolus injections of 
mitomycin C, moderate leukopenia, thrombocytopenia, proctitis, and perineal 
dermatitis were recorded in approximately 30% of patients after doses of 25 to 30 Gy 
in 2.5 to 3.0 weeks (7,22). More profound enteroproctitis and dermatitis occurred in 
55% of those who received 50 Gy in 4 or 5 weeks (7,30). 

e When cisplatin is substituted for mitomycin C, similar patterns of toxicity, plus nausea 
and vomiting, are seen. 

e All large studies involving irradiation, 5-FU, and mitomycin C or cisplatin have 
reported a small incidence (less than 3% overall) of mortality associated with acute 
toxicity, usually due to neutropenia with sepsis (6). 

e Late toxicity has not been reported after doses of 30 Gy in 3 weeks with 5-FU and 
mitomycin C, but serious complications, often requiring surgery, have been recorded 
in approximately 5% to 15% of those receiving higher irradiation doses (6). Less 
serious side effects include changes in anorectal function (urgency and frequency of 
defecation), perineal dermatitis, dyspareunia, and sexual impotence. 
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Anatomy 


The kidneys are located in the retroperitoneal space between the eleventh rib and the 
transverse process of the third lumbar vertebral body; the right kidney is slightly more 
inferior than the left because of its relationship to the right hepatic lobe. 

The kidney is enveloped by a fibrous capsule and surrounded by perinephric fat, 
which is surrounded by Gerota's fascia. 

The kidneys move vertically within the retroperitoneum as much as 4 cm during 
normal respiration (22). 

The ureters course posteriorly and inferiorly, paralleling the lateral border of the 
psoas muscle until they curve anteriorly to join the bladder at the trigone. 

The lymphatics of the kidney and renal pelvis drain along the renal vessels. The right 
kidney drains predominantly into the paracaval and interaortacaval lymph nodes; the 
left kidney drains exclusively to the paraaortic lymph nodes. 

Lymphatic drainage of the ureter is segmented and diffuse and may involve any of 
the renal hilar, abdominal paraaortic, paracaval, common iliac, internal iliac, or 
external iliac lymph nodes. 


Natural History 


Renal Cell Carcinoma 


Primary renal cell tumors may spread by local infiltration through the renal capsule to 
involve the perinephric fat and Gerota's fascia. 

The tumor may directly grow along the venous channels to the renal vein or vena 
cava. 

The incidence of lymph node metastases is 9% to 27%; they most frequently involve 
the renal hilar, paraaortic, and paracaval lymph nodes (9). The renal vein is invaded 
by tumor in 21% of cases and the inferior vena cava in approximately 4%. 
Approximately 45% of patients with renal cell carcinoma have localized disease; 25% 
have regional disease, and approximately 30% have evidence of distant metastases 
at the time of diagnosis (9). 


e Approximately one-half of the patients with renal cell carcinoma will eventually 
develop metastatic disease. Metastatic sites include lung (75%), soft tissue (86%), 
bone (20%), liver (18%), skin (8%), and central nervous system (8%) (16). 


Renal Pelvis and Ureter Carcinoma 


e Upper urinary tract carcinoma is frequently multifocal; patients have a significant risk 
of developing tumors at several sites along the urothelium, particularly in those with 
large tumors or carcinoma in situ. 

e Ureteral tumors tend to occur in the distal third of the ureter (16). 

e Transitional cell carcinoma of the upper urothelial tract may spread by both direct 
extension and blood-borne and lymphatic metastases. 

e Implantation of tumor cells in the bladder may occur. 

e In 94 patients, none of 43 with low-grade tumors had lymph node metastasis, 
compared with three of 22 tumors in patients with grade 3 or 4 tumors (6). 


Clinical Presentation 
Renal Cell Carcinoma 


e Gross or microscopic hematuria is the most frequent symptom associated with renal 
cell carcinoma. 

e Patients with renal cell carcinoma may be asymptomatic (with tumor being an 
incidental finding), or there may be signs and symptoms related to a local mass or 
systemic paraneoplastic syndromes. 

e Paraneoplastic syndromes associated with renal cell carcinoma involve parathyroid- 
like hormones, erythropoietin, renin, gonadotropins, placental lactogen, prolactin, 
enteroglucagon, insulin-like hormones, adrenocorticotropic hormone, and 
prostaglandins (16). 

e Gross hematuria, palpable flank mass, and pain describe a classic triad that occurs in 
only 5% to 10% of patients; it suggests advanced disease. 


Renal Pelvis and Ureter Carcinoma 


e Gross or microscopic hematuria occurs in 70% to 95% of patients with renal pelvic or 
ureteral tumors (20). 

e Other less common symptoms include pain (8% to 40%), bladder irritation (5% to 
10%), or other constitutional symptoms (5%). 

e Approximately 10% to 20% of patients present with a flank mass secondary to tumor 
or hydronephrosis (16). 


Diagnostic Workup 
Renal Cell Carcinoma 


e The diagnostic and staging workup for renal cell carcinoma is given in Table 39-1. 

e After radiographic evaluation, in most cases, pathologic confirmation is often made at 
the time of nephrectomy. 

e A staging evaluation should include a complete history and physical examination, 
complete blood cell count, and liver and kidney function tests. A metastatic workup 
includes a chest x-ray and computed tomography (CT) or magnetic resonance 
imaging scan of the abdomen and pelvis. 

e Abone scan should be obtained in patients with symptoms suggestive of bony 
metastases or an elevated alkaline phosphatase level. 

e |f metastatic lesions are detected, histologic confirmation should be made by biopsy 
of either the metastatic focus or the primary tumor. 


e If renal vein or inferior vena cava invasion is suspected, ultrasound with color-flow 
Doppler may help define the extent of the tumor thrombus. 
e Renal arteriography is sometimes helpful in planning surgery. 


Renal Pelvis and Ureter Carcinoma 


e The diagnostic workup for renal pelvis and ureter carcinoma is listed in Table 39-1. 

e Intravenous urography is frequently used to evaluate patients with renal pelvis 
carcinoma; a filling defect in the renal pelvis or collecting system is common. 

e Retrograde pyelography can be used to define the lower margin of a ureteral lesion, 
especially if there is significant proximal obstruction to flow of contrast from the renal 
pelvis. 

e CT or magnetic resonance imaging of the abdomen and pelvis before and after 
contrast administration gives useful information about possible extension of tumor 
outside the collecting system. 

e An accurate cytologic diagnosis can be made in more than 80% of cases. 


Table 39-1: Diagnostic workup for renal cell, renal pelvis, or ureter carcinoma 


General 
History 
Physical examination 
Radiographic studies 
Standard 
Chest radiograph 
Intravenous pyelogram 
Retrograde pyelogram (renal pelvis or ureter) 
Computed tomography or magnetic resonance imaging scan of abdomen and pelvis 
Bone scan 
Complementary 
Renal ultrasound with color-flow Doppler 
Renal arteriogram with or without epinephrine 
Inferior venacavogram 
Computed tomography and digital subtraction angiogram 
Computed tomography of chest, brain, or other suspected organs 
Laboratory studies 
Complete blood cell count 
Blood chemistry profile 
Urinalysis 
Special tests 
Renal cyst puncture with fluid cytology (if no echinococcosis is suspected) 
Endoscopic ureteroscopy 
Percutaneous nephroscopy 
Computed tomography of chest, brain, or other suspected organs 
Urine cytology (endoscopically obtained) 


Retrograde brush cytology or biopsy 


Staging 


e Inthe United States, the staging system used most commonly by clinicians is the 
Robson modification (21) of the Flocks and Kadesky system. The American Joint 
Committee staging classifications for renal cell and renal pelvis and ureter carcinoma 
are shown in Tables 39-2 and 39-3. 

e Extension of tumor outside the renal capsule increases the stage of the cancer and 
worsens the prognosis. 

e Grabstald et al. (8) proposed a staging classification for patients with renal pelvis 
carcinoma based on the extent of primary tumor invasion. 


Table 39-2: American Joint Committee on Cancer staging classification for kidney 
tumors” 


Primary tumor (T) 


TX Primary tumor cannot be assessed 

TO No evidence of primary tumor 

T1 Tumor =7 cm in greatest dimension limited to the kidney 

T2 Tumor >7 cm in greatest dimension limited to the kidney 

T3 Tumor extends into major veins or invades adrenal gland or perinephric tissues but 


not beyond Gerota's fascia 
T3a Tumor invades adrenal gland or perinephric tissues but not beyond Gerota's fascia 
T3b Tumor grossly extends into the renal vein(s) or vena cava below the diaphragm 
T3c Tumor grossly extends into the renal vein(s) or vena cava above the diaphragm 


T4 Tumor invades beyond Gerota's fascia 
Regional lymph nodes (N)” 
NX Regional lymph nodes cannot be assessed 
NO No regional lymph node metastasis 
N1 Metastasis in a single regional lymph node 
N2 Metastasis in more than one regional lymph node 
Distant metastasis (M) 
MX Distant metastasis cannot be assessed 
MO No distant metastasis 
M1 Distant metastasis 
Stage grouping 
Stage | (T1 NO MO 
Stage Il T2 NO MO 
Stage T1 N1 MO 
III 
T2 N1 MO 
T3a NO or N1 MO 
T3b NO or N1 MO 
T3c NO or N1 MO 
Stage T4 NO MO 
IV 
T4 N1 MO 


Any T N2 MO 


Any T Any N ‘M1 


Histopathologic grade 


GX 
Gi 
G2 
G34 


Grade cannot be assessed 

Well differentiated 

Moderately differentiated 

Poorly differentiated or undifferentiated 


*Sarcomas and adenomas are not included. 


P aterality does not affect the N classification. 


From Fleming ID, Cooper JS, Henson DE, et al., eds. AJCC cancer staging manual, 5th ed. 
Philadelphia: Lippincott-Raven, 1997:231-234, with permission. 


Pathologic Classification 


The predominant histopathologic type of renal cancer is adenocarcinoma; subtypes 
include clear cell carcinoma (most predominant type) and granular cell carcinoma. 
A sarcomatoid variant represents 1% to 6% of renal cell carcinomas; these tumors 
are associated with a significantly poorer prognosis. 

More than 90% of malignant tumors arising from the renal pelvis and ureter are 
transitional cell carcinomas. 

Squamous cell carcinomas account for only 7% to 8% of tumors arising from the 
renal pelvis or ureters; they are often locally advanced and associated with a high 
local recurrence rate (2). 


Prognostic Factors 


Renal Cell Carcinoma 


Tumor stage at initial presentation is the most important prognostic factor. 

The prognostic significance of renal vein or vena cava invasion has been debated; a 
worse prognosis has been reported by some authors (9,14), with lower survival and 
increased metastasis rates, but the opposite conclusion was made by Skinner et al. 
(23) in a review of 309 cases treated by nephrectomy. 

Renal vein or vena cava invasion often is associated with perinephric extension of the 
primary tumor. 

Lymph node metastases are associated with increased local recurrence and distant 
metastasis rates (7,19,23). 

Higher pathologic grade or spindle cell or sarcomatoid variants lead to poor 5-year 
disease-free survival (23). 

High nuclear grade is associated with an increased incidence of advanced tumor 
stage, lymph node involvement, distant metastases, renal vein involvement, tumor 
size, and perirenal fat involvement. 


Renal Pelvis and Ureter Carcinoma 


Initial stage and grade of the tumor are the major prognostic factors. 

Lymph node metastases are associated with distant dissemination and lower survival 
(4). 

In 126 patients treated surgically (45 receiving postoperative irradiation), significant 
prognostic factors were tumor location, stage, Karnofsky index, nodal metastasis, and 
residual tumor after surgery (18). 


e On a multivariate analysis, although stage and grade were the most important 
prognostic factors, DNA pattern (diploid versus nondiploid) and the number of lesions 
(unifocal versus multifocal) identified at initial diagnosis also determined prognosis. 
Patients with diploid tumors had a 79% survival rate, compared with only 46% in 
those with nondiploid tumors (p = .0003) (5). 


General Management 
Renal Cell Carcinoma 


e Standard therapy for nonmetastatic renal cell carcinoma is radical nephrectomy. 

e Elective removal of lymphatics that may contain microscopic disease is the only 
curative option for patients at risk (21). 

e Partial nephrectomy, or renal parenchyma-sparing surgery, has been used in patients 
with early-stage tumors with poor renal reserve or absence of a normal functioning 
contralateral kidney. Because of some risk that sparing renal parenchyma may leave 
microscopic residual tumor, partial nephrectomy should not be considered routine 
therapy for a patient with a normal functioning contralateral kidney (16). 

e Ina literature review, the incidence of regression of metastatic foci induced by 
nephrectomy was 0.8% (4 of 474 patients) (17); thus, nephrectomy generally is not 
indicated in patients with metastatic disease. 

e Patients with local symptoms (hematuria, pain, hypertension, or other paraneoplastic 
syndromes) may benefit from palliative nephrectomy. 

e Cytoreductive surgery performed to facilitate the regression of extrarenal disease in 
response to systemic therapy has not been successful (1). 


Radiation Therapy 


e Several retrospective series suggest a benefit with adjuvant irradiation, but these 
early reports are criticized for inadequate balance between groups of patients treated 
in various ways over different time periods. 

e Preoperative irradiation does not improve survival, although it may increase tumor 
resectability and local tumor control (10,25). 

e Early retrospective studies reported postoperative irradiation to be beneficial; patients 
receiving radiation therapy after nephrectomy had significantly better 5- and 10-year 
disease-free survival and local tumor control than patients undergoing nephrectomy 
alone. Improved local tumor control is more evident in pathologic stage T3NO tumors, 
but impact on survival is minimal (15). 

e Postoperative irradiation has been recommended and should be tested in phase III 
trials in patients with (a) incompletely resected tumors, (b) perinephric fat extension, 
(c) adrenal gland invasion, and (d) metastatic lymph nodes (13). 

e Two prospective randomized studies of postoperative irradiation did not demonstrate 
an advantage for patients receiving radiation therapy after surgery. The Danish trial 
reported significant complications involving the stomach, duodenum, and liver in 44% 
of patients receiving postoperative irradiation; 19% of deaths in the irradiation group 
were attributed to radiation-induced complications (12). 


Systemic Therapy 


e Chemotherapy has not produced significant results in advanced-stage renal cell 
carcinoma. 

e Conventional cytotoxic therapies have demonstrated low response rates with short 
durations. 

e Progestational agents such as medroxyprogesterone acetate have been studied 
extensively in patients with renal cell carcinoma, but little objective benefit has been 
proven from the use of hormonal therapy. 

e Interferon-alpha has shown activity in metastatic renal cell carcinoma, with objective 
response rates of 10% to 20%. 


e = Interleukin-2 , a lymphokine produced by activated T cells, has produced complete 
response rates in 5% to 10% of selected patients with metastatic renal cell cancer; 
another 10% to 15% have achieved objective partial responses, some lasting for as 
long as 2 years (16). 


Palliation 


e For patients with metastatic renal cell carcinoma, palliative nephrectomy can relieve 
pain, hemorrhage, hypertension, or hypercalcemia induced by the primary tumor. 

e Palliative irradiation is effective at relieving symptoms from metastatic cancer, 
particularly bone metastasis; a sufficient dose (40 to 50 Gy) should be administered 
to allow durable pain relief. 

e Radiation therapy used before surgical resection of local recurrences (preoperative 
irradiation doses of 45.0 to 50.4 Gy, followed by maximal surgical debulking and 
intraoperative electron beam irradiation of 10 to 25 Gy) has resulted in durable local 
tumor control in patients with locally recurrent renal cell carcinoma. 


Renal Pelvis and Ureter Carcinoma 


e Radical nephroureterectomy is appropriate initial therapy for most patients with 
transitional cell carcinoma of the renal pelvis or ureter, including removal of the 
contents of Gerota's fascia and the ipsilateral ureter with a cuff of bladder at its distal 
extent. 

e Conservative surgical excision should be considered only in patients with low-grade, 
low-stage, solitary tumors in whom radical nephrectomy is not indicated because of 
poor kidney function or an absent contralateral kidney. 

e When conservative resection is performed, postoperative irradiation should be 
considered. 

e The role of lymph node dissection is unclear. 

e Radiation therapy may be beneficial in selected cases of high-stage (T3 or T4) 
carcinoma of the renal pelvis or ureter or in patients with lymph node metastases. 

e Retrospective data suggest a decreased local recurrence rate in patients treated with 
postoperative irradiation (3). 

e The regimen of methotrexate, vinblastine, doxorubicin, and cisplatin has yielded 
objective response rates of nearly 70% in patients with metastatic transitional cell 
carcinoma of the bladder, ureter, and kidney. 

e Palliative chemotherapy may be considered for metastatic disease. 

e Adjuvant chemotherapy has no defined role in cancer of the renal pelvis or ureter. 


Radiation Therapy Techniques 
Renal Cell Carcinoma 


e In unresectable lesions, 40 to 50 Gy preoperative irradiation (2-Gy fractions) to the 
kidney tumor and regional lymphatics (with a 2- to 3-cm margin) may improve 
resectability (Fig. 39-1). 

e Multiple-field techniques should be considered in patients receiving preoperative 
treatment. 

e CT-based treatment planning allows accurate definition of the target volume, which 
encompasses the nephrectomy bed and lymph node drainage sites (11); surgical 
clips outlining the tumor bed are helpful. 

e Exclusive use of anterior and posterior field arrangements, particularly on the right 
side, is likely to irradiate large volumes of bowel and liver beyond tolerance. Multiple- 
beam arrangements, including anterior, posterior, oblique, and lateral projections with 
beam's-eye-view shaping and differential weighting of dose from each field, can 
optimize the irradiation dose distribution to maximize target volume coverage while 
minimizing the dose to normal bowel or liver (Fig. 39-2). 


e Total postoperative irradiation doses of 45 to 50 Gy in 1.8- to 2.0-Gy daily fractions to 
the nephrectomy bed and regional lymph nodes with a boost (additional 10 to 15 Gy) 
to small volumes of microscopic or gross residual disease are appropriate (total dose 
of 50 to 60 Gy). 

e The incision site should be included in the target volume (24). If the scar cannot be 
covered without increasing the amount of normal tissue irradiated, an additional 
electron beam field to treat the scar may be considered. 

e Field projections and shaping should be selected to keep no more than 30% of the 
liver from receiving doses of more than 36 to 40 Gy. 

e The contralateral kidney dose should not exceed 20 Gy in 2 to 3 weeks. 

e The spinal cord dose should be limited to 45 Gy in conventionally fractionated doses 
of 1.8 to 2.0 Gy per day. 

e Because of possible long survival, even in the presence of distant metastases, 
aggressive treatment for palliation should be used for limited metastatic disease in 
patients with good performance status. Treatment fields should encompass 
metastatic foci with adequate (2- to 3-cm) margins. 

e Radiation therapy doses of 40 to 46 Gy (2.0- to 2.5-Gy fractions) provide symptomatic 
relief to 64% to 84% of patients (16). 


View Figure 


Fig. 39-1: Radiation portal for large, left-sided renal cancer. The primary tumor and bilateral lymph 
nodes are included. (Modified from Lai PP. Kidney, renal pelvis, and ureter. In: Perez CA, Brady LW, 
eds. Principles and practice of radiation oncology, 2nd ed. Philadelphia: JB Lippincott, 1992:1025— 
1035, with permission.) 


View Figure 


Fig. 39-2: A computed tomography—based treatment plan uses a combination of four fields (anterior, 
posterior, right lateral, and right posterior oblique) to treat the tumor bed (dark oval) with 54 Gy. This 
combination of fields and beam's-eye-view shaping allows sparing of the liver, bowel, and spinal 
cord. (From Michalski JM. Kidney, renal pelvis, and ureter. In: Perez CA, Brady LW, eds. Principles 
and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:1525—1541, with 
permission.) 


Renal Pelvis and Ureter Carcinoma 


e Postoperative irradiation has been used in the management of renal pelvis and ureter 
cancers. 

e For elective radiation therapy, the clinical target volume should include the renal 
fossa, the course of the ureter to the bladder wall at the ipsilateral trigone. The field 
encompassing these sites can easily be extended to cover the paracaval and 
paraaortic lymph nodes at risk of harboring metastatic disease. 

e CT-based planning may facilitate dosimetric coverage of the regions at risk while 
minimizing dose to normal tissues. 

e Irradiation doses of 45 to 50 Gy (1.8 to 2.0 Gy daily) are appropriate to treat 
subclinical and microscopic disease. 

e For more extensive disease, such as multiple positive nodes or extensive positive 
margins, a boost of 5 to 10 Gy should be considered. 

e For unresectable or gross residual disease, higher doses may be necessary. Multiple- 
field arrangements, including oblique and lateral fields with field reductions, are 
important to minimize toxicity to surrounding normal structures. 

e CT-based simulation, three-dimensional treatment planning, and contrast-enhanced 
radiographs are helpful in defining the irradiation target volume (Fig. 39-3). 


View Figure 


Fig. 39-3: A: Postoperative irradiation portal for cancer of renal pelvis and ureter. The entire renal 
fossa, ureteral bed, and ipsilateral trigone are usually included; the exact extent is determined by 
pathologic information. 
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View Figure 


Fig. 39-3: B: Final irradiation field for a patient with an unresectable transitional cell cancer of the 
renal pelvis and ureter. Contrast material outlines the renal pelvis and allows a block design to spare 
the renal parenchyma. The ureter is treated to the insertion in the bladder. (From Michalski JM. 
Kidney, renal pelvis, and ureter. In: Perez CA, Brady LW, eds. Principles and practice of radiation 
oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:1525—1541, with permission.) 


Sequelae of Therapy 


e Sequelae of radiation therapy for cancer of the kidney, renal pelvis, and ureters are 
similar to those from irradiation of the upper abdomen and pelvis; they include 
nausea, vomiting, diarrhea, and abdominal cramping. 

e Because patients with right-sided tumors may have significant portions of the liver 
irradiated, radiation-induced liver damage is possible. 

e Inthe Copenhagen Renal Cancer Study Group, 12 of 27 patients (44%) developed 
significant complications: three biochemical changes indicating radiation hepatitis, 
three cases of duodenum and small bowel stenosis, and six cases of duodenum and 
small bowel bleeding (12). Surgery was performed on four of nine patients with 
bowel-related irradiation complications. Five patients died of treatment-related 
complications. The total irradiation dose was 50 Gy given in 2.5-Gy fractions per day, 
a fractionation schedule that may account for the high complication rate. 
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Anatomy 


e The urinary bladder, when empty, lies within the true pelvis. 


The triangular superior surface of the bladder is covered with peritoneum; in females 
the body of the uterus overhangs this surface. 

The apex of the bladder is directed toward the pubic symphysis and is joined to the 
umbilicus by the urachal remnant. 

The posterior surface, the base of the bladder, faces downward and backward; in 
females, it is closely related to the anterior wall of the vagina. In males, the upper part 
of the bladder base is separated from the rectum by the rectovesical pouch; the lower 
part is separated from the rectum by the seminal vesicles and the deferent duct. 

As the bladder fills, it becomes rounded or ovoid, and it lies directly against the 
anterior abdominal wall without any intervening peritoneum. 

The ureters pierce the wall of the bladder base obliquely; the orifices of the ureters 
define the bladder trigone, the sides of which are approximately 2.5 cm long in the 
contracted state and up to 5.0 cm when distended. 

In males, the bladder neck rests on the prostate; in females, it is related to the pelvic 
fascia surrounding the upper urethra (18). 


Natural History 


Approximately 75% to 85% of new bladder cancers are superficial (Tis, Ta, or T1 ) 
(28). 

Approximately 15% to 25% of new bladder cancers have evidence of muscle invasion 
at the time of diagnosis; it also develops in a number of other patients with superficial 
disease if the tumor recurs after conservative therapy. Of all patients with muscle- 
invasive bladder cancer, approximately 60% have evidence of muscle invasion at the 
time of initial diagnosis; 40% initially present with more superficial disease that later 
progresses (18). 

The most common sites of tumor development are the trigone, lateral and posterior 
walls, and bladder neck. 

Bladder cancer spreads by direct extension into or through the wall of the bladder. In 
a few cases, the tumor spreads submucosally under intact, normal-appearing 
mucosa. 


e Papillary tumors tend to remain superficial; solid lesions are generally deeply 
invasive. 

e Perineural invasion and lymphatic or blood vessel invasion are common after tumor 
has invaded muscle. 

e The multifocality of bladder cancer probably accounts for many recurrences after 
transurethral resection (TUR) (16). 

e Lymphatic drainage is by the external and internal iliac and presacral lymph nodes. 

e The most common sites of distant metastases are lung, bone, and liver. 


Clinical Presentation 


e Between 75% and 80% of patients with bladder cancer have gross, painless, total 
(throughout urination), sometimes intermittent hematuria. 

e Approximately 25% of patients complain of vesical irritability; 20% have no specific 
symptoms, and their cancers are detected because of microscopic hematuria, pyuria, 
and so forth. 

e More than 95% of patients with biopsy-proven carcinoma in situ have positive urine 
cytology results. 

e Simultaneous presentations of bladder carcinoma and adenocarcinoma of the 
prostate are not rare (18). 


Diagnostic Workup 


e Patients with bladder cancer should have a history, physical examination (including 
careful rectal/bimanual examination), chest roentgenogram, urinalysis, complete 
blood cell count, liver function tests, complete cystoscopic evaluation, and bimanual 
examination under anesthesia both before and after endoscopic surgery (biopsy or 
TUR). 

e Anintravenous urogram should be obtained before cystoscopy so that the upper 
tracts can be evaluated by retrograde pyelogram, cytology, brush biopsy, or 
ureteroscopy at the time of cystoscopy, if indicated. The number, size, and 
configuration of all tumors should be recorded and diagrammed. 

e Cystograms provide minimal information. 

e Computed tomography is widely used to help detect bladder wall thickening, 
extravesical extension, and lymph node metastases and is useful in follow-up. After 
TUR of a bladder tumor, computed tomography findings that suggest extravesical 
extension may be caused by hemorrhage and edema; therefore, the results must be 
interpreted with caution. 

e Magnetic resonance imaging in coronal or sagittal projections is sometimes useful in 
defining tumor extent. 

e Bone scans are obtained for patients with T3 or T4 disease and those with bone pain. 

e The diagnostic workup is summarized in Table 40-1. 


Table 40-1: Diagnostic workup for carcinoma of the bladder 
Routine 
Clinical history and physical examination 
Pelvic/rectal examination 
Laboratory studies 
Complete blood cell count, blood chemistry profile 
Liver function tests 
Urinalysis 
Urine cytology 
Radiographic imaging 


Computed tomography or magnetic resonance imaging scan of pelvis and abdomen 
Intravenous pyelography 
Retrograde pyelogram (when indicated) 
Chest x-ray 
Radioisotope bone scan (as clinically indicated, in T3 and T4 tumors) 
Cystourethroscopy 
Bimanual pelvic/rectal examination under anesthesia 
Biopsies of bladder and urethra 
Transurethral resection, if indicated 


From Parsons JT, Zlotecki RA. Bladder. In: Perez CA, Brady LW, eds. Principles and practice 
of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:1543—-1571, with 
permission. 


Staging Systems 


e Two clinical staging systems, the Marshall modification of the Jewett-Strong system 
and the tumor-node-metastasis (TNM) staging system of the American Joint 
Committee on Cancer (AJCC), are widely used in the United States and abroad 
(Table 40-2) (4). A shortcoming of the Marshall system is its failure to divide stage 0 
into papillary and nonpapillary morphologies. 

e Both systems combine histologic findings from TUR specimens and clinical findings 
from bimanual examination under anesthesia. 

e Pathologic staging is based on histologic findings from cystectomy specimens. It is 
generally not possible for the pathologist examining TUR specimens to determine if 
tumor is confined to superficial muscle layers or has invaded the deep muscle. 

e The presence of muscle invasion implies that the lesion is stage B1, B2, C, D1, or D2 
(T2—T4b). 

e Although bimanual examination under anesthesia and radiography are helpful in 
further separating the various stages, understaging is common (18). 


Table 40-2: Comparison of Marshall and American Joint Committee on Cancer (AJCC) 
staging systems for bladder cancer 


AJCC Marshall modification 
classification of Jewett-Strong 
(4) classification (13) 
Tumor extent 
‘Confined to mucosa 0 
Primary tumor not assessed [Tx 
Carcinoma in situ, flat tumor Tis 
Noninvasive papillary Ta 
Tumor invades subepithelial connective tissue |T1 A 
Tumor invades muscle [T2 
Invasion of superficial muscle (inner half) T2a B1 
Invasion of deep muscle (outer half) [T2b B2 
Tumor invades perivesical tissue T3 C 


Invasion of neighboring structures; muscle 
invasion present 


Substance of prostate, vagina, uterus T4a D1? 


Pelvic side wall fixation or invading T4b D1? 
abdominal wall | 
| Nodal involvement (N) | D 
Regional lymph nodes cannot be assessed NX 
No regional lymph node metastasis INO 


Metastasis in a single lymph node, 2 cm or less |N1 
in greatest dimension 


Metastasis in a single lymph node, more than 2 (N2 
cm but not more than 5 cm in greatest 

dimension; or multiple lymph nodes, none more 
than 5 cm in greatest dimension 


Metastasis in a lymph node more than5cmin (N3 
greatest dimension 


Distant metastasis (M) 


Distant metastasis cannot be assessed Mx 
No distant metastasis MO 
Distant metastasis M1 


“In the Marshall modification of the Jewett-Strong staging system, D1 disease may involve 
lymph nodes below the sacral promontory (bifurcation of the common iliac artery). D2 implies 
distant metastases or more extensive lymph node metastases. 


From Parsons JT, Zlotecki RA. Bladder. In: Perez CA, Brady LW, eds. Principles and practice 
of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:1543—-1571, with 
permission. 


Pathologic Classification 


e Approximately 92% of bladder cancers are transitional cell carcinomas, 6% to 7% are 
squamous Cell carcinomas, and 1% to 2% are adenocarcinomas. Small cell 
carcinoma may occur (9,15). 

e Squamous and/or glandular differentiation is seen in 20% to 30% of transitional cell 
carcinomas; the biologic behavior of these tumors does not differ significantly from 
that of pure transitional tumors (8). 

e Morphologically, bladder cancers can be separated into papillary, papillary infiltrating, 
solid infiltrating, and nonpapillary, noninfiltrating or carcinoma in situ. 

e At diagnosis, 70% are papillary, 25% show papillary or solid infiltration, and 3% to 5% 
are carcinoma in situ. 

e Sarcomas, pheochromocytomas, lymphomas, and carcinoid tumors account for most 
of the remaining 2%; because of their rarity, they are not discussed here. 


Prognostic Factors 


e Depth of tumor invasion (stage) and grade are important prognostic factors. 

e Presence of blood vessel or lymphatic vessel invasion is significant, even in the 
absence of positive lymph nodes and even if the tumor is confined to the lamina 
propria (7). 

e Carcinoma in situ, solid tumor morphology, large tumor size, multiplicity of tumors, 
histologically positive lymph nodes, and obstructive uropathy are indicators of a poor 


prognosis (23). 


General Management 


e TaandT1 tumors are usually treated by TUR and fulguration, with or without 
intravesical chemotherapy or bacille Calmette-Guérin. 

e Some of the most commonly used agents are thiotepa, mitomycin C, doxorubicin, and 
bacille Calmette-Guerin. 

e Patients with diffuse grade 3, T1 disease or involvement of the prostatic urethra or 
ducts are sometimes treated by cystectomy. 

e For carcinoma in situ, prompt radical cystectomy is usually curative, but most patients 
and urologists prefer more conservative initial management; the initial treatment is 
TUR and fulguration of visible lesions. 

e Carefully selected patients with muscle-invasive or superficial tumors not suitable for 
TUR may be treated by segmental resection (partial cystectomy). 

e Radical cystectomy (without preoperative irradiation) is recommended for superficial 
disease (Tis, Ta, T1) when conservative management is unsuccessful. Cystectomy is 
also indicated for patients with clinical stage T2—3 disease and for recurrent tumors in 
patients with inadequate bladder capacity because of contracture caused by repeated 
TURs and intravesical chemotherapy. 

e In patients who have undergone preoperative irradiation (45 to 50 Gy), 
lymphadenectomy is usually not performed. 

e If no preoperative irradiation or only low-dose (e.g., 20 Gy) preoperative irradiation 
has been given, lymphadenectomy is generally performed for patients with muscle- 
invasive disease. 

e Preoperative irradiation is recommended for large (4 cm or more) or deeply infiltrating 
tumors (T3 and resectable T4) or high-grade lesions because the risk of serious 
understaging in these cases is high (17). 

e External-beam irradiation (with cystectomy reserved for salvage) has been used in 
Canada and Great Britain (2,3,5,10,21). 

e Irradiation is usually administered to patients who are medically inoperable, refuse 
cystectomy, or have disease that is too advanced for surgery. 

e Patients treated by definitive irradiation ideally should have adequate bladder 
capacity without substantial voiding symptoms or incontinence; patients with 
contracted bladders are poor candidates (6,18). 

e Preoperative and postoperative irradiation (Sandwich technique) have been used in 
some institutions (20,24). 

e A bladder preservation regimen for T2—4a tumors used in selected patients has 
included maximal TUR bladder tumor resection and two cycles of neoadjuvant 
chemotherapy (methotrexate, cisplatin, and vinblastine), followed by pelvic irradiation 
(39.6 to 45.0 Gy) with concomitant cisplatin. Cystoscopy and biopsies are performed. 
Patients with negative postinduction therapy biopsies receive consolidative 
chemoirradiation to a total of 64.8 Gy with reduced portals. 

e Arandomized Radiation Therapy Oncology Group study (22) showed equivalent 
results with or without neoadjuvant chemotherapy and concurrent chemoirradiation. 

e The likelihood of surviving 5 years with the bladder was 38% to 43% after treatment 
with transurethral surgery, chemotherapy and radiation compared with 20% for 
conservative surgery and systemic chemotherapy alone. 

e Shipley et al. (22) reported their experience with 106 patients treated with a TUR of 
the tumor followed by two cycles of neoadjuvant methotrexate, cisplatin, and 
vinblastine (MCV); concurrent cisplatin; and whole pelvis irradiation to a dose of 39.6 
Gy. Concurrent chemotherapy and tumor boost to a total dose of 64.8 Gy were 
administered to 70 clinical complete responders (66%) and six nonresponders who 
were unsuitable for surgery. Immediate radical cystectomy was performed in 13 
patients who were less than complete responders and six who were unable to 
tolerate the induction chemotherapy plus radiation. The overall survival rate for all 
106 patients in this prospective study is 52%, disease-specific survival rate is 60%, 
and 5-year overall survival with an intact bladder is 43%. 

e The Radiation Therapy Oncology Group has reported results of a randomized trial to 
assess the long-term efficacy of chemoradiotherapy regimens with or without 
neoadjuvant MCV chemotherapy in patients with muscle-invading bladder cancer. 


The 5-year survival with a functioning bladder is 36% with MCV and 40% without 
MCV. No benefit in survival or local tumor eradication was seen with MCV 
neoadjuvant chemotherapy (22). 

e Roughly equivalent survival rates compared with historic controls treated with radical 
cystectomy alone are reported. Approximately 45% to 50% of survivors retain an 
adequately functioning bladder (11,12,27). 

e Interstitial treatment may be used alone, in combination with low- or moderate-dose 
external-beam irradiation, or to treat the suture line in patients undergoing partial 
cystectomy. Suitable patients are those with solitary T1, T2, or T3 lesions measuring 
less than 5 cm whose general medical condition permits suprapubic cystotomy 
(1,14,29). This technique is infrequently used in the United States. 


Irradiation Techniques 


e A four-field box technique with the patient supine is frequently used (Fig. 40-1). It is 
sometimes helpful to use wedges in the lateral portals to improve dose homogeneity 
throughout the volume. 

e Other techniques of irradiation are possible (e.g., anterior and posterior, rotational, or 
three-field portal arrangements); however, the four-field box is preferred because of 
the ease of interpreting imaging films, the ease of making portal size reductions, and 
the satisfactory dose distribution that can be achieved. 

e The 360-degree arc rotation technique was significantly and independently 
associated with an increased risk of severe complications (19). 

e For simulation, the bladder is drained of urine and filled with 30 mL of contrast 
medium (Cysto-Conray Il) and 10 to 30 cc of air, and dilute barium is inserted into the 
rectum. 

e The cephalad margin is usually at the middle of the sacroiliac joint or sometimes at 
the L5—S1 junction, depending on disease extent. The caudal margin is usually at or 
just below the bottom of the obturator foramen unless there is diffuse involvement of 
the bladder neck or prostatic urethra with carcinoma in situ, in which case the portals 
are extended to the bottom of the ischial tuberosities. 

e The regional lymph nodes are treated by including the bony pelvic side walls with 
approximately a 1.5-cm margin in the anterior and posterior portals. 

e On the lateral portals, the posterior margin is set at least 3 cm behind the posterior 
bladder wall. If tumor extends posteriorly beyond the vesical wall, the posterior 
margin is set 3 cm behind the tumor mass as determined by palpation or computed 
tomography scan. It is usually possible to exclude the posterior half of the rectum. 

e The anterior margin of the lateral portal is placed just in front of the bladder, and the 
field is shaped with Lipowitz metal blocks or multileaf collimation to prevent falloff 
over the anterior skin surface. 

e Because of varying degrees of bladder distention, the cancer is a "moving target." 
Depending on what one wishes to accomplish, the bladder may be treated empty or 
full. In most patients the initial treatment volume (which generally encompasses the 
entire bladder) is kept as small as possible by having the patient void before 
treatment. For patients with tumor confined to the bladder base or bladder neck 
region, the reduced portals (which often include only the involved portion of the 
bladder) are sometimes treated with the bladder full to displace small bowel from the 
pelvis. 

e The portals are reduced after 45.0 to 50.4 Gy (1.8 Gy per fraction). 

e Total tumor dose with irradiation alone is 64.8 to 68.4 Gy. 

e In most patients, the reduced portals exclude at least a portion of the uninvolved 
bladder (Fig. 40-2). 

e For preoperative irradiation, doses are 30 Gy in 10 fractions over 2 weeks or 44 Gy in 
22 fractions over 4.5 weeks, followed by cystectomy in 2 to 4 weeks (18). 

e Treatment is preferable with high-energy photons (10 to 20 MV). 


18 MVX 


AP — 3000 cGy 
R/L LAT — 3000 cGy 
AP BOOST - 500 cGy 


POST 
Fig. 40-1: Isodose curves for anteroposterior (AP) and two lateral portals with wedges, using 18-MV 
photons to deliver 60 Gy to the bladder and a reduced anteroposterior portal for an 8-Gy boost to the 
tumor bed. T, tumor. (From Parsons JT, Zlotecki RA. Bladder. In: Perez CA, Brady LW, eds. Principles 
and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:1543-1571, with 
permission.) 


Fig. 40-2: A: Anteroposterior pelvic field used for carcinoma of the bladder. The boost volume is 
outlined with dashed lines. B: Lateral pelvic field encompasses the bladder and pelvic lymph nodes. C: 
Reduced portals after 50 Gy (A) and 55 or 60 Gy (B). T, residual primary tumor. (From Perez CA, 
Gerber RL, Manolis JM. Male reproductive and genitourinary tumors. In: Washington CM, Leaver DT, 
eds. Principles and practice of radiation therapy: practical applications. St. Louis: Mosby—Year Book, 
1997:244-289, with permission.) 


Sequelae of Therapy 


e Acute side effects of cystitis and diarrhea, which are frequent, are treated with 
phenazopyridine (Pyridium) and diphenoxylate/atropine sulfate (Lomotil) or 
loperamide (Imodium). 

e Patients are encouraged to drink plenty of fluids. 

e |f cystitis is severe, a urinary tract infection should be suspected; urine culture and 
sensitivity should be carried out, and antibiotic therapy initiated. 

e The morbidity of radical irradiation is mainly associated with complications of the 
bladder (8% to 10%), rectum (3% to 4%), or small bowel (1% to 2%) (3). 

e The mortality rate attributable to delayed irradiation complications is 1% (3). 

e Radiation cystitis develops in 10% of patients receiving irradiation, and bladder 
contracture develops in 1% of patients. 


Chemotherapy 


e Methotrexate , vinblastine, doxorubicin (Adriamycin), and cisplatin toxicity is 
significant; Sternberg et al. (25) reported a 20% incidence of nadir sepsis and 4% 
mortality. Tannock et al. (26) reported septic neutropenia in 18 of 41 patients and one 
drug-related death. 

e The toxicity of cisplatin, methotrexate, and vinblastine is similar (mortality, 4%; nadir 
sepsis, 26%) (18). 


References 


1. Battermann JJ, Tierie AH. Results of implantation for T1 and T2 bladder tumours. 
Radiother Oncol 1986;5:85—90. PubMed | 


2. Bloom HJG, Hendry WF, Wallace DM, et al. Treatment of T3 bladder cancer: controlled 
trial of pre-operative radiotherapy and radical cystectomy versus radical radiotherapy: second 
report and review (for the Clinical Trials Group, Institute of Urology). Br J Urol 1982;54:136- 
151. 


3. Duncan W, Quilty PM. The results of a series of 963 patients with transitional cell 
carcinoma of the urinary bladder primarily treated by radical megavoltage x-ray therapy. 
Radiother Oncol 1986;7:299-31 0. PubMed | 


4. Fleming ID, Cooper JS, Henson DE, et al., eds. AJCC cancer staging manual, 5th ed. 
Philadelphia: Lippincott-Raven, 1997. 


5. Fossa SD, Waehre H, Aass N, et al. Bladder cancer definitive radiation therapy of muscle- 
invasive bladder cancer: a retrospective analysis of 317 patients. Cancer 1993;72:3036— 
3043. ubMed| 


6. Gospodarowicz MK, Hawkins NV, Rawlings GA, et al. Radical radiotherapy for muscle 
invasive transitional cell carcinoma of the bladder: failure analysis. J Urol 1989;142:1448- 
1453. 


7. Greven KM, Solin LJ, Hanks GE. Prognostic factors in patients with bladder carcinoma 
treated with definitive irradiation. Cancer 1990;65:908-91 2. PubMed | 


8. Grignon DJ, Ro JY, Ayala AG, et al. Primary adenocarcinoma of the urinary bladder: a 
clinicopathologic analysis of 72 cases. Cancer 1991 ;67:2165—2172., PubMed | 


9. Grignon DJ, Ro JY, Ayala AG, et al. Small cell carcinoma of the urinary bladder: a 
clinicopathologic analysis of 22 cases. Cancer 1992;69:527—536. PubMed | 


10. Hope-Stone HF, Oliver RTD, England HR, et al. T3 bladder cancer: salvage rather than 
elective cystectomy after radiotherapy. Urology 1984;24:315-320, PubMed | 


11. Housset M, Maulard C, Chretien Y, et al. Combined radiation and chemotherapy for 
invasive transitional-cell carcinoma of the bladder: a prospective study. J Clin Oncol 
1993;11:2150-2157. PubMed | 


12. Kaufman DS, Shipley WU, Griffin PP, et al. Selective bladder preservation by combination 
treatment of invasive bladder cancer. N Engl J Med 1993;329:1377—1382. PubMed | 


13. Marshall VF. The relation of the preoperative estimate to the pathologic demonstration of 
the extent of vesical neoplasms. J Urol 1952;68:714—-723. 


14. Mazeron J-J, Crook J, Chopin D, et al. Conservative treatment of bladder carcinoma by 
partial cystectomy and interstitial iridium 192. Int J Radiat Oncol Biol Phys 1988;15:1323-— 
1330. 


15. Oblon DJ, Parsons JT, Zander DS, et al. Bladder preservation and durable complete 
remission of small cell carcinoma of the bladder with systemic chemotherapy and adjuvant 
radiation therapy. Cancer 1993;71:2581—2584., PubMed | 


16. Oldbring J, Glifberg |, Mikulowski P, et al. Carcinoma of the renal pelvis and ureter 
following bladder carcinoma: frequency, risk factors and clinicopathological findings. J Urol 
1989:141:1311-1313, PubMed | 


17. Parsons JT, Million RR. Role of planned preoperative irradiation in the management of 


Clinical stage B2-C (T3) bladder carcinoma in the 1980s. Semin Surg Oncol 1989;5:255— 
265. C 


18. Parsons JT, Zlotecki RA. Bladder. In: Perez CA, Brady LW, eds. Principles and practice of 
radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:1543-1571. 


19. Pollack A, Zagars GK, Dinney CP, et al. Preoperative radiotherapy for muscle invasive 
bladder carcinoma: long term follow-up and prognostic factors for 338 patients. Cancer 
1994:74:2819-2827, PubMed | 


20. Reisinger SA, Mohiuddin M, Mulholland SG. Combined pre- and postoperative adjuvant 
radiation therapy for bladder cancer: a 10 year experience. Int J Radiat Oncol Biol Phys 
1992;24:463-468. PubMed | 


21. Sell A, Jakobsen A, Nerstrom B, et al. Treatment of advanced bladder cancer category 
T2, T3, and T4a: a randomized multicenter study of preoperative irradiation and cystectomy 
versus radical irradiation and early salvage cystectomy for residual tumor: DAVECA protocol 
8201. Scand J Urol Nephrol Supp! 1991 ;138:193-201. PubMed | 


22. Shipley WU, Kaufman KS, Heney NM, et al. An update of combined modality therapy for 
patients with muscle invading bladder cancer using selective bladder preservation or 
cystectomy. J Urol 1999;162:445-451, PubMed | 


23. Shipley WU, Rose MA, Perrone TL, et al. Full-dose irradiation for patients with invasive 
bladder carcinoma: clinical and histological factors prognostic of improved survival. J Urol 
1985;134:679-683. PubMed | 


24. Spera JA, Whittington R, Littman P, et al. A comparison of preoperative radiotherapy 
regimens for bladder carcinoma: the University of Pennsylvania experience. Cancer 
1988;61:255-262, PubMed | 


25. Sternberg CN, Yagoda A, Scher HI, et al. M-VAC (methotrexate, vinblastine, doxorubicin 
and cisplatin) for advanced transitional cell carcinoma of the urothelium. J Urol 
1988;139:461—469. PubMed | 


26. Tannock |, Gospodarowicz M, Connolly J, et al. M-VAC (methotrexate, vinblastine, 
doxorubicin and cisplatin) chemotherapy for transitional cell carcinoma: the Princess Margaret 
Hospital experience. J Urol 1989;142:289-292, PubMed | 


27. Tester W, Caplan R, Heaney J, et al. Neoadjuvant combined modality program with 
selective organ preservation for invasive bladder cancer: results of Radiation Therapy 
Oncology Group phase II trial 8802. J Clin Oncol 1996;14:119-126. BubMed | 


28. Tolley DA, Hargreave TB, Smith PH, et al. Effect of intravesical mitomycin C on 
recurrence of newly diagnosed superficial bladder cancer: interim report from the Medical 
Research Council Subgroup on Superficial Bladder Cancer (Urological Cancer Working 
Party). Br Med J (Clin Res Ed) 1988;296:1759—-1761. PubMed | 


29. Van der Werf-Messing BHP, van Putten WLJ. Carcinoma of the urinary bladder category 
T2,3NXM0 treated by 40 Gy external irradiation followed by cesium 137 implant at reduced 
dose (50%). Int J Radiat Oncol Biol Phys 1989;16:369-371. 


Radiation Oncology: 
Management 
Decisions 


Table of Contents 


41: Female Urethra 
Introduction =a 


Anatomy 
Clinical Presentation 


Diagnostic Workup 

Staging Systems 

Prognostic Factors 

General Management 
Radiation Therapy Techniques 


Sequelae of Treatment 
References 


Introduction 


e Carcinoma of the urethra in women is rare; approximately 1,600 cases have been 
reported in the literature. 


Anatomy 


e The female urethra is approximately 4.0 cm long and extends from the urinary 
bladder through the urogenital diaphragm to the vestibule, where it forms the urethral 
meatus. 

e The lymphatic drainage of the urethral meatus parallels that of the vulva to the 
superficial and deep inguinal and external iliac lymph nodes. The primary drainage of 
the entire urethra is mainly to the obturator and internal and external iliac nodes. 


Clinical Presentation 


e A tumor of the urethral meatus at an early stage may resemble a urethral caruncle or 
a prolapse of the mucosa through the urethral orifice. As the lesion progresses, it 
enlarges and eventually ulcerates. 

e Advanced tumors (stages II and Ill) of the urethra have been associated with a 35% 
to 50% incidence of inguinal or pelvic lymph node involvement (2). 


Diagnostic Workup 


e A routine history and general physical examination should be performed in all 
patients. 

e A detailed pelvic examination under anesthesia is necessary to fully evaluate the 
Clinical extent of the disease. It can be performed at the time of urethroscopy and 
cystoscopy. 

e Routine radiographic evaluation should include chest radiographs, an intravenous 
urogram, and a computed tomography scan of the abdomen and pelvis. 


Staging Systems 


e Urethral tumors can be classified as those involving the distal half of the urethra and 
those located in the proximal or entire urethra. Most authors have found that this 
classification correctly depicts the feasibility of treatment and the prognosis. 


e The tumor-node-metastasis staging system of the American Joint Committee on 
Cancer is shown in Table 41-1. 


Table 41-1: American Joint Committee on Cancer staging system for carcinoma of the 
urethra (male and female) 


Primary tumor (T) 


TX Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Ta Noninvasive papillary, polypoid, or verrucous carcinoma 

Tis Carcinoma in situ 

T1 Tumor invades subepithelial connective tissue 

T2 Tumor invades any of the following: corpus spongiosum, prostate, or periurethral 
muscle 

T3 Tumor invades any of the following: corpus cavernosum, beyond prostatic capsule, 
anterior vagina, bladder neck 

T4 Tumor invades other adjacent organs 

Regional lymph nodes (N) 

NX Regional lymph nodes cannot be assessed 

NO No regional lymph node metastasis 

N1 Metastasis in a single lymph node, =2 cm in greatest dimension 

N2 Metastasis in a single lymph node, >2 cm in greatest dimension, or in multiple 
nodes 


Distant metastasis (M) 


MX Presence of distant metastasis cannot be assessed 
MO No distant metastasis 
M1 Distant metastasis 
Stage grouping 
Stage Ta NO MO 
0a 
Stage Tis NO MO 
Ois 
Stage! T1 NO MO 
Stage Il T2 NO MO 
Stage T1 N1 MO 
III 
T2 N1 MO 
T3 NO or N1 MO 
Stage T4 NO MO 
IV 
T4 N1 MO 
Any T N2 MO 
Any T Any N M1 


From Fleming ID, Cooper JS, Henson DE, et al., eds. AJCC cancer staging manual, 5th ed. 
Philadelphia: Lippincott-Raven, 1997:247—249; with permission. 


Prognostic Factors 


e Tumor size and location are the most important factors in determining prognosis and 
survival. 

e  Eighty-one percent of patients with lesions less than 2 cm had 5-year progression- 
free survival, compared with 37% of those with lesions 2 cm to 4 cm and 7% of 
patients with lesions greater than 4 cm (p= .0001) (2). 

e Bladder neck involvement, parametrial extension, and inguinal lymph node 
involvement are poor prognostic factors. 


General Management 
Anterior Urethral Cancer 


e Open excision, electroexcision, fulguration, or laser coagulation can be used to treat 
tumors at the meatus or in situ involvement of the distal urethra (stage 0). 

e For larger and more invasive lesions (stage 1), interstitial irradiation or combined 
interstitial and external-beam irradiation are alternatives to surgical resection of the 
distal third of the urethra. 

e Anterior urethral lesions that recur after treatment by local excision or radiation 
therapy may require anterior exenteration and urinary diversion. 

e |f no inguinal adenopathy exists, node dissection is not recommended, but 
prophylactic groin irradiation is recommended for patients with invasive lesions (2). 


Posterior Urethral Cancer 


e Cancers of the posterior or entire urethra (stages II, Ill, and IV) are usually associated 
with invasion of the bladder and a high incidence of inguinal and pelvic lymph node 
metastases. 


e The best results have been achieved with preoperative irradiation with exenterative 
surgery and urinary diversion. 


Radiation Therapy Techniques 


e Interstitial implant is the usual method for treating meatal carcinomas. Radioactive 
needles forming a double-plane or a volume implant have been used (Fig. 41-1). 
After radiographs are used to verify needle placement, a dose of 60 to 70 Gy can be 
given in 6 to 7 days (0.4 Gy per hour to the target volume) when an implant alone is 
used. 

e Large tumors extending into the labia, vagina, entire urethra, or base of the bladder 
cannot be treated with an implant alone. A combination of external-beam irradiation 
and implant is recommended (4). The external-beam portal should flash the perineum 
to cover the entire urethra. The portal should be wide enough to cover the inguinal 
nodes (1) and extend cephalad to the L5—S1 interspace to include the pelvic nodes 
(Fig. 41-2). A bolus, appropriate for the photon energy used, should be added to the 
groins when inguinal nodes are positive. The whole pelvis is treated to a dose of 50 
Gy. A boost of 10 to 15 Gy is delivered to positive nodes through reduced anterior 
photon or en face electron fields (3). 

e For advanced disease, the primary tumor is treated with a vaginal cylinder to bring 
the dose to the entire urethra to approximately 60 Gy. An interstitial implant is used to 
raise the total tumor dose to 70 to 80 Gy. Intracavitary irradiation simultaneously with 
a vaginal cylinder and an interstitial implant should be used with caution because of 
the resultant high dose rate at the vaginal mucosa interface of the intracavitary and 
interstitial implants (3). 

e =A limiting factor in the use of external-beam irradiation is the tolerance of the perineal 
skin (confluent moist desquamation). 

e Extensive disease combined with advanced age can be formidable obstacles to 
completing radiation therapy. Diligent personal hygiene and individualized care are 
necessary if patients are to complete the course of treatment (4). 
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Fig. 41-1: Diagrams of implants. A: tumor limited to the urethra. B: Tumor extending to the periurethral 
tissues or originating in the periurethral glands. C: Tumor extending into the vagina or labia minora. D: 
Tumor involving the suburethral area. (From Delclos L. Carcinoma of the femaile urethra. In: Johnson 
DE, Boileau MA, eds. Genitourinary tumors. New York: Grune & Stratton, 1982:275-286; with 
permission.) 


Fig 41-2: External marking (A) and anteroposterior simulation film (B) of the pelvic portal. Notice the 
lateral extension of the portal to cover the inguinal lymph nodes. (From Grigsby PW. Female urethra. 
In: Perez CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: 
Lippincott-Raven, 1998:1473-—1581, with permission.) 


Sequelae of Treatment 


e Urethral strictures develop in some patients, necessitating dilatation or urinary 
diversion. 

e Incontinence, cystitis, and vaginal stenosis may also develop. 

e Severe complications are fistula formation, bowel obstruction, and occasionally 
operative mortality. 

e With advanced neoplasms, fistula formation may be unavoidable because of tumor 
erosion of the organ and subsequent tumor necrosis. 


References 


1. Foens CS, Hussey DH, Staples JJ, et al. A comparison of the roles of surgery and radiation 
therapy in the management of carcinoma of the female urethra. Int J Radiat Oncol Biol Phys 


1991 ;21:961-968. PubMed | 


2. Grigsby PW. Female urethra. In: Perez CA, Brady LW, eds. Principles and practice of 
radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:1473-1581. 


3. Grigsby PW, Corn B. Localized urethral tumors in women: indications for conservative 
versus exenterative therapies. J Urol 1992;147:1516—-1520. PubMed | 


4. Klein FA, Ali MM, Kersh R. Carcinoma of the female urethra: combined iridium 192 
interstitial and external beam radiotherapy. South Med J 1987;80:1129-1132. PubMed | 


Radiation Oncology: 
Management 
Decisions 


Table of Contents 


42: Prostate 
Anatomy 


Natural History 
Clinical Presentation 


Diagnostic Workup 

Staging 

Prognostic Factors 

Pathology 

General Management 

Hormone Therapy 

Irradiation of the Breast Before Hormonal Therapy 


Radiation Therapy Techniques 


Sequelae of Therapy 
References 


Anatomy 


e The prostate gland surrounds the male urethra between the base of the bladder and 
the urogenital diaphragm (Fig. 42-1A). 

e The prostate is attached anteriorly to the pubic symphysis by the puboprostatic 
ligament and is separated from the rectum posteriorly by Denonvilliers' fascia 
(retrovesical septum), which attaches above to the peritoneum and below to the 
urogenital diaphragm. 

e The seminal vesicles and the vas deferens pierce the posterosuperior aspect of the 
gland and enter the urethra at the verumontanum (Fig. 42-1B). 

e The prostate is divided into the anterior, median, posterior, and two lateral lobes. The 
posterior lobe, extending across the entire posterior surface of the gland, is felt on 
rectal examination. 

e Others divide the glandular prostate into an inner (periurethral glands and transition 
zone) and an outer portion (central and peripheral zones). The nonglandular prostate 
encompasses the prostatic urethra and anterior fibromuscular stroma (11). 

e Myers etal. (41), in a study of 64 gross prostatectomy specimens, emphasized 
variations in the shape and exact location of the prostatic apex, which should be 
considered in planning radiation therapy. 
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Fig. 42-1: Sagittal (A) and coronal sections (B) of the prostate and periprostatic structures. (From 
Coakley FV, Hricak H. Radiologic anatomy of the prostate gland: a clinical approach. Radiol Clin 
North Am 2000;38:15—30, with permission.) 


Natural History 


e Currently, most carcinomas of the prostate are found because of elevated prostate- 
specific antigen (PSA) level. The tumor is not palpable in most patients. 

e Depending on the histologic grade (Gleason score) and pretreatment PSA, 
extracapsular extension, which initially is observed in prostatectomy specimens, is 
currently detected in less than 10% of patients on rectal digital examination. Palpable 
tumors are noted in approximately 10% to 20% of patients. 

e The tumor may spread to the pelvic lymph nodes, and the incidence of metastatic 
disease is closely related to the pretreatment PSA level and Gleason score. 
Currently, only 5% to 10% of patients with stage T1c are found to have positive lymph 
nodes. The tumor may eventually involve the periaortic lymph nodes. 


e Distant metastases are almost never seen as the initial manifestation of prostatic 
cancer at the present time. However, several years after posttreatment elevation of 
the PSA, patients who fail primary treatment will develop distant metastases, primarily 
to the bones and less frequently to the liver or lungs. 


Clinical Presentation 


e Patients with localized prostatic carcinoma are frequently asymptomatic; the 
diagnosis is often made because of an abnormal screening or routine PSA test or, 
less frequently, during a routine rectal examination. 

e Stage T1 or T2 tumors may occasionally be diagnosed at transurethral resection of 
the prostate (TURP). 

e Patients with larger tumors may have urethral obstruction with frequency, nocturia, 
hesitancy, and narrow stream. Isolated hematuria or hematospermia is extremely 
rare. 

e Rarely, patients with advanced disease present with pain or stiffness caused by bony 
metastases (47). 


Table 42-1: Diagnostic workup for carcinoma of the prostate 


Routine 
Clinical history and clinical examination 
Rectal examination 


‘Laboratory studies 
Complete blood cell count, blood chemistry 
Serum prostate-specific antigen measurement 
Plasma acid phosphatases (prostatic/total) measurement 
Radiographic imaging 
Computed tomography or magnetic resonance imaging scan of pelvis and abdomen 
Intravenous pyelography 
Chest x-ray 
Radioisotope bone scan 
Transrectal ultrasonography 
Cystourethroscopy 
Needle biopsy of prostate (transrectal, transperineal) 
Transurethral resection, if indicated 


From Perez CA. Prostate. In: Perez CA, Brady LW, eds. Principles and practice of radiation 
oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:1583-—1694, with permission. 


Staging 


e Findings on digital examination of the prostate, as well as other studies, determine 
the stage of the disease, which is classified according to the Jewett-Whitmore or the 
American Joint Committee system (Table 42-2). 


Table 42-2: American Joint Committee on Cancer staging system for prostate cancer 


Primary tumor (T) (clinical) 
TX Primary tumor cannot be assessed 


TO No evidence of primary tumor 
T1 Clinically inapparent tumor not palpable or visible by imaging 
Tumor incidental histologic finding in =5% of tissue resected 


Tia 

Tumor incidental histologic finding in >5% of tissue resected 
Tib 

Tumor identified by needle biopsy (e.g., because of elevated PSA level) 
Tic 


T2 Tumor confined within the prostate? 


Tumor involves one lobe 
T2a 


Tumor involves both lobes 
T2b 


T3 Tumor extends through the prostatic capsule” 


Extracapsular extension (unilateral or bilateral) 
T3a 


Tumor invades seminal vesicle(s) 
T3b 


T4 Tumor is fixed or invades adjacent structures other than seminal vesicles: bladder 
neck, external sphincter, rectum, levator muscles, and/or pelvic wall 


Regional lymph nodes (N) 
NX Regional lymph nodes cannot be assessed 
NO No regional lymph node metastasis 
N1 Metastasis in regional lymph node or nodes 
Distant metastasis’ 
MX Presence of distant metastasis cannot be assessed 
MO No distant metastasis 
M1 Distant metastasis 
Nonregional lymph node(s) 


Mia 

Bone(s) 
M1b 

Other site(s) 
Mic 


PSA, prostate-specific antigen. 


“Tumor found in one or both lobes by needle biopsy but not palpable or reliably visible by 
imaging is classified as T1c. 


“Invasion into the prostatic apex or into (but not beyond) the prostatic capsule is not classified 
as T3 but as T2. 


‘When more than one site of metastasis is present, the most advanced category is used. 
pM 1c is the most advanced. 


From Fleming ID, Cooper JS, Henson DE, et al., eds. AJCC cancer staging manual, 5th ed. 
Philadelphia: Lippincott-Raven, 1997:219-—224, with permission. 


Prognostic Factors 
Tumor-Related Factors 


e Primary tumor stage, pretreatment PSA level, and pathologic tumor differentiation 
(Gleason score) are the strongest prognostic indicators. 

e Several nomograms, tables, and formulae that use the above parameters have been 
proposed to divide patients into prognostic groups and predict the probability of 
extracapsular tumor extension, seminal vesicle involvement, or lymph node 
metastases (45,55,58). 

e Patients with Gleason score of 7 have a relatively poor prognosis, which is worse in 
those with 4 + 3 score in comparison with 3 + 4 score (10,62). 

e Elevated PSA values after radical prostatectomy or 6 months after definitive 
irradiation are sensitive indicators of persistent disease. 

e Combined with histologic grade, PSA, and pathologic stage, DNA ploidy provides a 
highly sensitive prognostic indicator. Aneuploidy is associated with more aggressive 
tumors in comparison with diploid lesions. 

e S-phase fraction is a better predictor of survival in men with prostate cancer than 
DNA ploidy, although it is not an independent prognosticator in locally advanced or 
metastatic prostate cancer. 

e p53 mutations in localized carcinoma of the prostate are uncommon (22); p53 
overexpression may be associated with decreased response to irradiation 
(radioresistance marker). 

e Frequency and location of lymph node metastases have great prognostic significance 


(47). 


Host-Related Factors 


e Some authors have observed lower survival rates for a given stage of disease in 
black men compared with white patients, whereas others have not (47). This 
difference may be related to a larger tumor volume (higher pretreatment PSA), lower 
immune competence, more biologically aggressive tumors, testosterone level, 
environmental or socioeconomic conditions, and genetic or other unknown factors. 

e On the other hand, in 190 black and 167 white men with stage T1b or T2 disease 
treated with surgery or radiation therapy and 39 black and 42 white men with T3 and 
T4 tumors treated with irradiation, race had no significant impact on stage-specific 
survival (16). 


Radiographic versus Surgical Staging 


e Asbell et al. (3) documented the impact of surgical staging on outcome of irradiation 
in patients with clinical stage A2 and B disease. The 5-year disease-free survival rate 
was 76% in patients with negative pelvic lymph nodes at lymphadenectomy and 63% 
in those staged by radiographic imaging (p = .008). 

e Hanks et al. (23) corroborated this observation; they concluded that radiographic 
determination of lymph node status had no prognostic value and should not be used 
for stratification of patients in clinical trials. 


Transurethral Resection 


e TURP has been correlated with a higher incidence of distant metastases and 
decreased survival (31). In patients with B2 and C tumors, better disease-free 
survival was noted in patients diagnosed with needle biopsy (p = .021). 

e Patients with T3 or T4, moderately or poorly differentiated tumors (Gleason score of 8 
to 10) diagnosed by TURP have a higher incidence of distant metastases and 
decreased survival than patients having needle biopsy (47). 


Pathology 


e Adenocarcinoma, arising from peripheral acinar glands, is the most common tumor in 
the prostate. It is graded as well, moderately, or poorly differentiated. 

e Gleason et al. (20,21) initially proposed a prognostic classification system based on 
Clinical stage and the primary and secondary morphologic patterns of the tumor, each 
graded from 1 to 5. Later, only pathologic features were scored (up to 10). 

e Periurethral duct carcinoma is usually of the transitional cell type, sometimes mixed 
with glands. This tumor does not invade the perineural spaces as commonly as 
adenocarcinoma of the prostate. 

e Ductal adenocarcinoma rarely arises from the major ducts. Originally this lesion was 
thought to originate in the prostatic utricle, a mUllerian remnant; however, most ductal 
adenocarcinomas behave as acinar adenocarcinomas. Some authors believe that 
these tumors are relatively benign, yet most reports point to aggressive behavior. The 
tumor is not hormonally responsive but is moderately sensitive to radiation therapy. 
The treatment of choice is radical cystoprostatectomy. 

e Transitional cell carcinoma of the prostate is rare. Lymph node metastases were 
found in 14 of 26 patients (54%) with stromal invasion compared with 4 of 17 (24%) 
with duct/acinar involvement (57). 

e Neuroendocrine tumors are a rare variant of a malignant tumor composed of small or 
carcinoid-like cells. Neuroendocrine cell substances found in these tumors include 
serotonin, neuron-specific enolase, chromogranin, and calcitonin. Prostatic acid 
phosphatase and PSA are valuable in determining the prostatic origin of the tumor. 

e Mucinous carcinoma, not arising in major ducts or in the urethra, with positive 
histochemical stains for prostatic acid phosphatase has been reported. 

e Sarcomatoid carcinoma, a rare tumor that is difficult to distinguish from a true 
sarcoma, is considered a very aggressive variant of prostatic adenocarcinoma. 

e Adenoid cystic carcinoma is rare in the prostate (less than 0.1% of all tumors of this 
gland). 

e Other epithelial tumors, such as carcinoid, have been reported in the prostate. 

e Squamous cell carcinoma originating primarily in the prostate is extremely rare. 

e Metastatic malignant tumors from other locations to the prostate are occasionally 
reported (47). 

e Sarcomas (leiomyosarcoma, rhabdomyosarcoma, or fibrosarcoma) constitute 
approximately 0.1% of all primary neoplasms of the prostate. Leiomyosarcoma is 
more common in middle-aged or older men, whereas rhabdomyosarcoma is found 
more frequently in younger patients. Several cases of malignant schwannoma have 
been described. 

e Primary lymphoma of the prostate is extremely rare; fewer than 100 cases have been 
reported (63). Lesions may vary from diffuse small noncleaved to diffuse large cell 
lymphomas. The prostate is considered an extranodal site, and according to the Ann 
Arbor staging system, these lesions are staged as le. However, if there is involvement 
of the lymph nodes and bone marrow, they are classified as IVe. Prognosis is 
generally poor. 

e Anexcellent review of the pathology of prostatic carcinoma was published by Mostofi 


et al. (40). 


General Management 


e The Consensus Development Conference on Management of Localized Prostate 
Cancer concluded that radical prostatectomy and radiation therapy are equally 
effective treatments for tumors limited to the prostate in appropriately selected 
patients (43). It was further asserted that patients should be informed of the various 
options of therapy with the accompanying side effects. 

e Life expectancy, conservative management, and quality of life should be carefully 
discussed with the patient and spouse or significant other (47). 


Hormone Therapy 


e Many types of hormonal therapy have been used to reduce androgenic stimulation of 
prostate carcinoma by ablation of androgen-producing tissue, suppression of pituitary 


gonadotropin release, inhibition of androgen synthesis, or interference with androgen 
action in target tissues. 

e Orchiectomy removes 95% of circulating testosterone and is followed by a prompt, 
long-lasting decline in serum testosterone levels. 

e Diethylstilbestrol (3 mg per day) reduces serum testosterone to castrate levels; higher 
doses have no additional effect (65). Diethylstilbestrol is no longer commercially 
available in the United States. 

e Progestational agents, such as megestrol (Megace), suppress gonadotropin release 
and may directly interfere with hormone synthesis (19). 

e Gonadotropin-releasing hormone agonists (luteinizing hormone-releasing hormone 
agonists), such as goserelin, leuprolide, and buserelin, cause an initial rise in 
gonadotropin levels, followed by a sharp decline within 2 to 3 weeks. Parallel 
changes occur in levels of circulating testosterone, interfering with androgen 
production in the adrenal gland. 

e Aminoglutethimide , which is administered with a glucocorticoid, inhibits the synthesis 
of all adrenal steroids and can further reduce serum testosterone levels in castrate 
patients (74). 

e Flutamide , a nonsteroidal antiandrogen, does not suppress gonadotropin or testicular 
testosterone levels but blocks the effect of 5a-reductase, inhibiting formation of 
dihydrotestosterone and inhibiting androgen uptake and nuclear binding in the 
prostate cell; it has estrogenic side effects yet, in contrast to other antiandrogens, 
infrequently produces sexual impotence (78). The recommended dose is 250 mg 
three times daily. Diarrhea is a frequent side effect. 

e Bicalutamide (Casodex) (50 mg daily) is a steroid antiandrogen that binds to cytosol 
androgen receptors, producing decreased testosterone levels and elevation of 
gonadotropins (44). Monotherapy with 150 mg daily of bicalutamide was found to 
have therapeutic effects equivalent to surgical castration (28). 


Irradiation and Adjuvant or Neoadjuvant Endocrine Therapy 


e Use of endocrine therapy before or in conjunction with irradiation and as adjuvant 
therapy after irradiation for patients at high risk of occult metastatic disease and as 
neoadjuvant cytoreductive therapy in patients with bulky primary tumors to enhance 
likelinood of local tumor control has been shown to decrease local recurrence and 
distant metastases. Disease-free survival improved in several clinical trials (52,54), 
and overall survival improved in the European Organization for Research on 
Treatment of Cancer randomized clinical trial (7,8). 

e For locally advanced prostate cancer, studies have reported a 23% to 41% 
improvement in disease-free survival and 10% to 22% improvement in overall survival 
when neoadjuvant or adjuvant endocrine therapy was used with definitive irradiation 


(8.52). 
Irradiation of the Breast Before Hormonal Therapy 


e Gynecomastia and related symptoms have been prevented in approximately 80% of 
patients treated with superficial x-rays (10-Gy single dose) using small appositional 
portals (25,38). 

e We have used tangential portals with cobalt 60 or 4-MV photons or appositional 
electron beam (9 to 12 MeV) portals delivering a 12- to 16-Gy midplane dose to each 
breast in four fractions. The customary field size is 8 cm x 8 cm or a circle 8 cm in 
diameter. 

e The entire breast tissue must be irradiated before orchiectomy or initiation of estrogen 
therapy; otherwise glandular hyperplasia is not preventable. 


Radiation Therapy Techniques 


External Irradiation 


Various techniques have been used, ranging from parallel anteroposterior (AP) 
portals with a perineal appositional field to lateral portals (box technique) or rotational 
fields to irradiate or supplement the dose to the prostate (4). 

In recent years, three-dimensional conformal radiation therapy (8-D CRT) and 
intensity-modulated irradiation techniques have been used increasingly in selected 
centers (24,35,77). 

When TURP has been carried out for relief of obstructive lower urinary tract 
symptoms, 4 weeks should elapse before irradiation is begun to decrease sequelae 
(urinary incontinence, urethral stricture). 


Volume Treated 


Patients younger than 71 years of age with clinical stage A2, B (T1c, T2a) and 
Gleason score of 7 or greater or PSA of 20 ng per mL or greater or with stage B2 
(T2b,c) and all patients with stage C (T3) lesions are treated to the whole pelvis with 
four fields (45 Gy); additional dose is delivered to complete 72 Gy or higher as 
indicated per protocol, usually with seven-field 3-D CRT techniques. 

When the pelvic lymph nodes are treated, as is occasionally done at Washington 
University, St. Louis, the field size is 15 cm x 15 cm at the patient surface (16.5 cm at 
isocenter). For stage D1 tumors, the field size is increased to 15 cm x 18 cm at the 
patient surface (16.5 cm x 20.5 cm at isocenter) to cover the common iliac lymph 
nodes. 

The inferior margin of the field usually is 1.5 cm distal to the junction of the prostatic 
and membranous urethra (usually at or caudad to the bottom of the ischial 
tuberosities). 

The lateral margins should be approximately 1 to 2 cm from the lateral bony pelvis. 
When lateral portals are used for the box technique (including lymph nodes) or to 
irradiate the prostate with two-dimensional (2-D) stationary fields or rotational 
techniques, it is important to delineate anatomic structures of the pelvis and the 
prostate in relation to the bladder, rectum, and bony structures with CT or magnetic 
resonance imaging (MRI). 

The initial lateral fields encompass a volume similar to that treated with AP- 
posteroanterior (PA) portals. The anterior margins should be 1.5 cm posterior to the 
projection of the anterior cortex of the pubic symphysis. Some of the small bowel may 
be spared anteriorly, keeping in mind the anatomic location of the external iliac lymph 
nodes. Posteriorly, the portals include the pelvic and presacral lymph nodes above 
the S3 segment, which allows for some sparing of the posterior rectal wall distal to 
this level. 

The reduced fields for treatment of the prostatic volume can be approximately 8 cm x 
10 cm for stages A2 or B (T1,2) to 10 cm x 12 cm or 12 cm x 14 cm for stages C (T3) 
or D1 (T4); ideally anatomically shaped fields should be used, using CT scan or MRI 
volume reconstructions of the prostate and seminal vesicles. 

Average variations in the position of the prostate relative to the bony anatomy were 
reported to be 8 mm in the superior or posterior positions, 7 mm in the inferior, 5 mm 
in the lateral, and 4 mm in the anterior position (76). 

The seminal vesicles are located high in the pelvis and posterior to the bladder; this is 
particularly critical when reduced fields are designed in patients with clinical or 
surgical stage C2 (T3b) tumors. Internal motion range is 9 to 11 mm posteriorly, 9.4 
mm superiorly, 6 to 7 mm anteriorly, and 7 to 8 mm laterally (76). 

Figure 42-2 shows examples of standard simulation films outlining the AP and lateral 
portals used for the box technique. 

For the boost with 2-D treatment planning, the upper margin is 3 to 5 cm above the 
pubic bone or acetabulum, depending on the extent of disease and the volume to be 
covered (prostate or seminal vesicles). The anterior margin is 1.5 cm posterior to the 
anterior cortex of the pubic bone; the inferior margin is at or caudal to the ischial 
tuberosity, and the posterior margin is 2 cm behind the marker rod in the rectum. 
Figure 42-3 illustrates the reduced volume for the prostate boost when the seminal 
vesicles are irradiated with 3-D CRT. 

The boost portal configuration and size should be individually determined for each 
patient, depending on clinical and radiographic assessment of tumor extent. 
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Fig. 42-2: Anteroposterior (A) and lateral (B) three-dimensional volume reconstructions and portals for 
carcinoma of the prostate. The junction of the prostatic and bulbous urethra (distal margin of prostate) 
is identified by urethrogram. Note the relationship of the portals to the roof of the acetabulum, pubic 
symphysis anteriorly, and ischial tuberosities posteriorly. Notice position of seminal vesicles (SV) 


above and posterior to the prostate (P). (From Perez CA. Prostate. In: Perez CA, Brady LW, eds. 
Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:1583-1694, 


with permission.) 
B 
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View Figure 
Fig. 42-3: Three-dimensional volume reconstruction and portals for patient with seminal vesicle 
irradiation (dose 55.8 Gy) and prostate boost to 70.2 Gy. (A and B) Larger portals for both seminal 
vesicles and prostate. (C to E) Prostate-only portals. (F) Isodose volumes. (From Perez CA. Prostate. 
In: Perez CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: 
Lippincott-Raven, 1998:1583—1694, with permission.) 


Simulation Procedure 


e To simulate these portals with the patient in the supine position, a small plastic rod 
with radiopaque markers 1 cm apart is inserted in the rectum to localize the anterior 
rectal wall at the level of the prostate. 

e After thorough cleansing of the penis and surrounding areas with povidone/iodine 
(Betadine), using sterile technique, 25% iodinated contrast material is injected in the 
urethra until the patient complains of mild discomfort. 

e AP and lateral radiographs are taken after the position of the small portals is 
determined under fluoroscopic examination; for 3-D CRT, a topogram and a CT scan 
of the pelvis are performed. 

e The urethrogram documents the junction of the prostatic and bulbous urethra and 
assists in more accurately localizing (within 1 cm) the apex of the prostate, which may 
be difficult to identify on CT or MRI scans without contrast. 

e A great deal of controversy has developed regarding the most accurate anatomic 
location of the prostate apex. In a study in 115 patients, none of the urethrograms 
showed the urethral sphincter to be caudal to the ischial tuberosities; 10% were 
located less than 1 cm cephalad to a line joining the ischial tuberosities (61). 

e Wilson et al. (73) determined that the anatomic location of the apex of the prostate 
was 1.5 cm or more above the ischial tuberosities in approximately 95% of patients 
and within 1 cm above the ischial tuberosities in 98% (150 of 153). 

e In 55 patients with localized carcinoma of the prostate, Crook et al. (12) placed one 
gold seed under TRUS at the base of the prostate near the seminal vesicles, at the 
posterior aspect, and at the apex of the prostate; a urethrogram was performed. At 
initial simulation, the apex of the prostate was less than 2 cm above the ischial 
tuberosities in 42% of patients, less than 1.5 cm in 19%, and less than 1 cm in 8%. 

e When indicated, the periaortic lymph nodes can be treated through extended AP and 
PA portals that include both the pelvic and periaortic lymph nodes if large-field linear 
accelerator beams are available. Otherwise, separate periaortic portals are placed 
above the pelvic fields, in which case calculations for an appropriate gap of 
approximately 3 cm should be carried out. 


e The superior margin of the periaortic portal should be at the T12—-L1 vertebral 
interspace. The width, usually about 10 cm, can be determined with the aid of a 
lymphangiogram, CT scan, or intravenous pyelogram. 

e The dose to the distal spinal cord should be limited to 45 Gy with a small posterior 5 
half-value layer block above the L2-3 interspace. 


Beam Energy and Dose Distribution 


e ideally, high-energy photon beams (more than 10 MV), which simplify techniques and 
decrease morbidity, should be used. 

e With photon beam energies below 18 MV, lateral portals are always necessary to 
deliver part of the dose in addition to the AP-PA portals (box technique). 

e With photon energies above 18 MV, the lateral portals are not strictly necessary to 
deliver up to 45 Gy, except in patients with an AP diameter of more than 20 cm, 
because the improvement in the dose distribution is marginal. 

e The dose distribution for 8 cm x 10 cm bilateral 120-degree arcs and a composite 
isodose of AP-PA portals with lateral portals to deliver 45 Gy to the pelvic lymph 
nodes with the addition of a boost of 24 to 26 Gy to the prostate and surrounding 
tissues with 120-degree bilateral arcs have been published previously (47). 


Three-Dimensional Conformal Radiation Therapy 


e At Washington University, St. Louis, MO, for 3-D CRT of prostate cancer, four 
anterior and posterior oblique fields, one anterior, and two lateral fields are used to 
irradiate the prostate and, when indicated, the seminal vesicles. 

e Following International Commission on Radiation Units Bulletin No. 50 (27) guidelines 
as determined on serial CT scans of the pelvis, gross tumor volume for stages T1 and 
T2 is the entire prostate. 

e The planning target volume (PTV) is arbitrarily set with a margin of 0.7 to 0.8 cm 
around the prostate and seminal vesicles for all tumor stages or periprostatic tumor 
(when warranted). 

e Internal motion of organs is a source of concern (60). Zelefsky et al. (76) noted that 
the majority of prostate and seminal vesicle median motion was between 4 and 8 mm 
for the prostate in the various directions, and 7 to 11 mm for the seminal vesicles. 

e The aggregate clinical and PTV has been reduced to 0.8 cm. 

e The dose calculation algorithm used in our three-dimensional treatment planning 
system requires that an additional 0.6-cm margin from the PTV to the block edge be 
added to account for penumbra (Table 42-3). 

e Nonuniform margins to outline the clinical target volume and PTV should be used (0.5 
cm or even less posteriorly along the anterior rectal wall). 

e Pathologic data from Bluestein et al. (6) and Partin et al. (45) and the formula 
proposed by Roach et al. (59) are used to calculate probability of seminal vesicle 
involvement. In patients with 15% or greater probability, this volume is incorporated 
into the clinical target volume (0.8-cm margin for PTV) to electively deliver 55.8 Gy at 
1.8 Gy daily or 56 Gy in 2-Gy daily fractions. 

e If the seminal vesicles are grossly involved, higher doses (60 to 64 Gy) are 
necessary. Thereafter, the prostate volume only is taken to the prescribed total dose. 

e Dose-volume histograms are routinely calculated for gross tumor volume, PTV, 
bladder, rectum, and femora (Fig. 42-4) (49). 

e Lee et al. (84) used a small rectal block in the lateral boost fields after 70 Gy to 
reduce the dose to the anterior rectal wall. The posterior margin from clinical target 
volume to PTV was reduced from 10 to 0 mm, and only a 5-mm margin around the 
posterior edge of the prostate to the block edge was allowed for adequate buildup. 
There was a reduction by a factor of two in the incidence of grade 2 and 3 rectal 
morbidity compared with not using a rectal block. 
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Fig. 42-4: Dose-volume histograms for bilateral-arc rotation (solid line), seven-field three-dimensional 
conformal irradiation (dashed line), or four-field three-dimensional conformal irradiation (dotted line). A: 
Bladder. B: Rectum. [From Perez CA, Michalski J, Drzymala R, et al. Three-dimensional conformal therapy 
(3-D CRT) and potential for intensity-modulated radiation therapy in localized carcinoma of prostate. In: 
Sternick ES, ed. The theory and practice of intensity modulated radiation therapy. Madison, WI: Advanced 
Medical Publishing, 1997:199-217, with permission.] 
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Tumor Doses 


e Most institutions treat with daily fractions of 1.8 to 2.0 Gy, five fractions per week (47). 
Occasionally, four weekly fractions of 2.25 Gy have been used. 

e Atleast two portals should be treated daily to improve tolerance to irradiation. 

e Treatment guidelines at Washington University, St. Louis, are summarized in Table 
42-4. 

e Frequently used minimum tumor doses to the prostate are 70 Gy for stage A1 (T1a), 
when it is decided to irradiate, 72 to 74 Gy for stage T1b,c and T2 tumors, and 
approximately 73 Gy for stage C. 

e For stage D1 lesions, treatment is usually palliative; the minimum tumor dose can be 
held at 60 to 65 Gy to decrease morbidity. 

e The usual dose for the pelvic and periaortic lymph nodes (when the latter are 
irradiated) is 45 Gy, with a boost (22 to 26 Gy) to the prostate or enlarged periaortic 
lymph nodes (5 Gy) through reduced fields. 


Interstitial Irradiation 


e It is important to very carefully select patients for a given technique to maximize its 
therapeutic efficacy (13). 

e The American Brachytherapy Society recommends prostate implants as monotherapy 
only in patients with clinical stage T1 or T2 tumors, Gleason score of 6 or lower, and 
pretreatment PSA of 10 ng per mL or less (42). 

e A combination of pelvic irradiation (40 to 45 Gy with four fields) and an interstitial 
implant is used for patients with clinical stage T1—T2, Gleason score of higher than 7, 
or PSA of more than 10 ng per mL. Usually these patients also receive hormonal 
therapy. 

e Primary advantages of interstitial implants in localized prostate cancer are higher 
dose, decreased time over which treatment is delivered, and potentially less erectile 
sexual dysfunction. 

e Atthe present time, permanent implants are performed with iodine 125 or palladium 
103 seeds or temporary iridium 192 implants. Radioactive sources are implanted in 
the prostate through perineally inserted metallic or polytetrafluoroethylene (Teflon) 
guides (under TRUS or CT guidance) (5,37,70). 

e Prescribed doses with brachytherapy are shown in Table 42-5. For further dosimetry 
details, the reader is referred to the American Association of Physicists in Medicine 
Task Group Report No. 64 (75) and the American Association of Physicists in 
Medicine report on revision of palladium 103 dose specification (72). 


Postoperative Radiation Therapy 


e After radical prostatectomy (in recent years, nerve-sparing) for localized carcinoma of 
the prostate (stage T1 or T2), pathologically positive margins are described in 10% of 
patients with stage T1b, 18% with stage T2a, and 50% to 60% of patients with stage 
T2b tumors (9). 

e Pathologically positive surgical margins have a greater prognostic implication than 
capsular invasion and are a significant predictor for development of distant 
metastasis. 

e Microscopic involvement of the seminal vesicles carries a poor prognosis, with a 
higher incidence of local recurrence and metastatic spread and lower survival than 
without such involvement. 

e Postoperative irradiation has been used as an adjuvant in an attempt to increase 
local tumor control by eradicating microscopic residual tumor in the periprostatic 
tissues or adjacent pelvic lymph nodes, it is hoped, to decrease the incidence of 
distant metastasis and potentially to improve survival (1,14). 

e In general, patients referred for postoperative irradiation have more extensive 
microscopic margin involvement than patients not irradiated. 

e Walsh (71), in an editorial, stated, "It seems reasonable to offer adjuvant radiation 
therapy to patients with grossly positive surgical margins, especially when they are 
positive at the bladder neck or urethra." He believed that, in patients with positive 
microscopic margins or penetration through the prostatic capsule, the indications are 
less certain. 

e Anscher (1) emphasized that indications for postoperative irradiation should be based 
on pathologic findings, such as seminal vesicle invasion, poorly differentiated 
histology (Gleason 8 through 10), or positive surgical margins, all of which 
independently predict for increased risk of local relapse after prostatectomy. 

e Whether the pelvic nodes or just the prostatic bed should be irradiated has not been 
elucidated. 

e At Washington University, St. Louis, we prefer to treat the pelvic nodes (45 Gy) when 
the base of the prostate margins or the seminal vesicles are involved, with Gleason 
score of 7 or higher or postprostatectomy PSA of 1 ng per mL or more. The prostatic 
bed receives an additional 18 Gy with 3-D CRT. 

e When only the apex of the prostate margin is positive, only the prostatic bed is 
irradiated to 66 Gy with 3-D CRT fields that encompass the prostatic bed with 0.8- to 
1.0-cm PTV margin. The beam penumbra usually adds 0.6 cm to the irradiated 
volume encompassed in the treatment portals (Fig. 42-5). 

e With 3-D CRT, surgical clips are used as a reference to contour the clinical target and 
treatment volumes. 


View Figure 


View Figure 


Fig. 42-5: A and B: Examples of portals used to treat the prostatic bed with three-dimensional 
conformal radiation therapy. The usual planning target volume dose is 64 to 66 Gy in 2-Gy fractions. 


Posiprostatectomy Rising Prostate-Specific Antigen Level 


e Inthe past 5 years, with widespread use of PSA in the initial evaluation and follow-up 
of patients with carcinoma of the prostate, radiation therapy has been increasingly 
used in the management of those with elevated PSA levels immediately or sometime 
after surgery (2,26). 

e The usual workup for these patients consists of a careful physical examination, 
including rectal examination, TRUS, and, sporadically or if a lesion is detected, 
needle biopsies; 42% to 59% positive needle biopsies of the vesicourethral 
anastomosis have been noted in patients with postprostatectomy elevated PSA levels 
(17,36). 

e Chest x-ray, CT, or MRI scan of the pelvis and abdomen and bone scan are 
reasonable procedures to detect lymph node or distant metastases. 

e Hudson and Catalona (26), Lange et al. (82), Lightner et al. (36), and Kaplan and 
Bagshaw (30) observed decreased PSA levels in a significant proportion of patients. 
It is likely that, if not treated, these patients will have a great propensity to develop 
pelvic recurrences and distant metastasis. 

e Techniques are similar to those used for patients with positive surgical margins. 


Table 42-3: Conformal radiation therapy prostate target volumes’ 


Planning target volume equals 


Stage Gross target volume gross target volume plus Penumbra 

T1a,b Prostate 0.7 cm 0.6-0.7 cm for 
all fields 

Tic Prostate 0.8 cm 

T2a Prostate 0.8 cm 


T2b |Prostate and seminal vesicles (0.8 cm 


T3 Prostate, seminal vesicles, and 0.8 cm 
periprostatic extension 


“Treatment of pelvic nodes is not part of three-dimensional treatment planning and is the 
decision of the radiation oncologist. Use anteroposterior-posteroanterior and right/left lateral 
portals. 


Table 42-4: Standard treatment guidelines for adenocarcinoma of prostate using 
high-energy photon conventional techniques 
Tumor dose’ (Gy) 
Pelvic lymph Prostate 
Stage nodes volume 
A2,B 0 70-74/7.0-7.5 
wk 
A2, B: any histology, older than 71 yr 0 70—72/7.0-7.5 
wk 
A2, B: positive common iliac nodes (plus 45 Gy to 45/5 wk 26/2.5 wk 
periaortic nodes)” 
C 45/5 wk 28/2.5 wk 
C: positive common iliac or periaortic nodes (plus 45 Gy to 45/5 wk 26/2.5 wk 
posteroanterior nodes) 
D1 45/5 wk 20/2 wk 


“Daily dose: large pelvis fields, 1.8 Gy; prostate boost portals, 2 Gy. 


"In case of "grossly positive" periaortic nodes, add 5 to 10 Gy with reduced portals. In stage 
C, if seminal vesicles are involved (C2), boost portal may be 12 cm x 14 cm. 


Table 42-5: Prescribed doses (Gy) with brachytherapy 
External lodine Palladium Iridium 192 high-dose 


Source activity beam | 125 | 103 rate 
No pelvic irradiation |0 145 125°-135° 9.5 x 4.0 
External beam 45 110 1007 10 x 2 (2 wk) 
(pelvis) 


“According to Williamson JF, Coursey BM, DeWerd LA, et al. Recommendations of the 
American Association of Physicists in Medicine on '°’Pd interstitial source calibration and 
dosimetry: implications for dose specification and prescription. Med Phys 2000;27:634-642; 
and Beyer D, Nath R, Butler W, et al. American Brachytherapy Society recommendations for 
clinical implementation of NIST-1999 standards for "Palladium brachytherapy. Int J Radiat 
Oncol Biol Phys 2000;47:273-275. 


Based on clinical experience (1997 to 2000). 


Sequelae of Therapy 
Radiation Therapy 


e Acute gastrointestinal side effects during irradiation include loose stool, diarrhea, 
rectal discomfort, and occasionally rectal bleeding, which may be caused by transient 
enteroproctitis. These symptoms were observed in 9% to 19% of patients treated with 
standard techniques but in only 3% to 5% treated with 3-D CRT (50). 

e Diarrhea and abdominal cramping can be controlled with diphenoxylate/atropine 
sulfate (Lomotil), loperamide (Imodium), or opium preparations such as paregoric and 
emollients such as kaolin and pectin. 

e Genitourinary symptoms, secondary to cystourethritis, are dysuria, frequency, and 
nocturia. There may be microscopic or even gross hematuria. 

e Methenamine mandelate (Mandelamine), an antispasmodic such as phenazopyridine 
hydrochloride (Pyridium), or a smooth muscle antispasmodic such as flavoxate 
hydrochloride (Urispas) or hyoscyamine sulfate (Cystospaz) can relieve symptoms. 

e Fluid intake should be at least 2,000 to 2,500 mL daily. 

e Urinary tract infections may occur; diagnosis should be established with appropriate 
urine culture studies, including sensitivity to sulfonamides and antibiotics. Therapy 
should be promptly instituted after a urine specimen has been collected. 

e Erythema and dry or moist desquamation may develop in the perineum or intergluteal 
fold. Proper skin hygiene and topical application of petrolatum (Vaseline), Aquaphor 
Healing Ointment, or lanolin relieve these symptoms. 

e The incidence of fatal complications in localized carcinoma of the prostate treated 
with external irradiation is approximately 0.2% (33). 

e With 2-D irradiation, the overall incidence of significant late urinary or rectosigmoid 
sequelae is approximately 3% to 5% severe and 7% to 10% moderate (51,52). 
Significantly lower morbidity is reported with 3-D CRT (24,35,49). 

e A prospective phase | study, Radiation Therapy Oncology Group-9406 examined the 
safety of dose escalation in patients with various tumor stage and risk of seminal 
vesicle involvement. Tolerance to high-dose 3-D CRT has been better than expected 
in this dose escalation trial for stage T1,2 prostate cancer compared with the low- 
dose Radiation Therapy Oncology Group historical experience (39). 

e Leg, scrotal, or penile edema is extremely rare in patients treated with irradiation 
alone (less than 1%), but its incidence ranges from 10% to 30%, depending on the 
extent of the procedure, in patients undergoing lymph node dissection (51). 

e Some reports suggest that doses of more than 70 Gy with 2-D techniques may be 
associated with a higher incidence of morbidity (66). 


e Inpatients with stage C tumors, Perez et al. (48) described a higher incidence of 
grade 2 and 3 rectosigmoid sequelae in patients treated to the pelvic lymph nodes 
and prostate (10% actuarial at 10 years) compared with 4% in patients treated to the 
prostate only using standard techniques. With 3-D CRT or intensity-modulated 
irradiation techniques, the incidence of moderate late proctitis was 2% to 3%, and no 
severe proctitis requiring major surgery has been observed (50). 

e |n a randomized study of 189 patients, half treated with 70 Gy and half with 78 Gy (2- 
Gy fractions), overall complication rates (urinary and intestinal) were equivalent. 
However, there was a significant increase in rectal complications when more than 
25% of the rectum received 70 Gy or higher doses (68). 

e Proctitis and rectal discomfort can be alleviated by small enemas with hydrocortisone 
(e.g., Proctofoam, Cortifoam) and antiinflammatory suppositories containing bismuth, 
benzyl benzoate, zinc oxide, or Peruvian balsam (e.g., Anusol, Medicone, Rowasa, 
Wyanoids). Some suppositories may contain cortisone. 

e A low-residue diet with no grease or spices and increased fiber in the stool (e.g., 
Metamucil, FiberCon) usually helps to decrease gastrointestinal symptoms. 

e In more severe cases, laser therapy or cauterization may be necessary. 

e Occasionally, patients complain of anal sphincter weakening or incontinence (1% to 
2%). 

e Less than 5% of patients develop chronic cystitis. Occasionally, with doses of more 
than 75 Gy to the bladder, hemorrhagic cystitis may occur. 

e Urethral stricture occurs in approximately 3% of patients, more frequently in those 
who had TURP before or during irradiation. 

e At5 years, grade 2 or higher urinary incontinence after external irradiation is 
approximately 1% to 2%; it occurs more frequently in patients with a history of TURP 
(2.0% vs. 0.2% without TURP) (47). 

e Jgnler et al. (29) evaluated sequelae and quality of life in 115 patients treated with 
irradiation for prostate cancer; 9% indicated that they had some urinary incontinence 
(11% used a pad and 13% leaked more than a few drops of urine daily). With respect 
to sexual function, 77% recalled being able to have full or partial erection before 
radiation therapy, but only 22% (15 of 68) of previously potent patients were able to 
have full erection and 41% (28 of 68) had partial erection. Intestinal symptoms at the 
time of follow-up were reported by 31% of patients and significantly bothered 18% of 
patients. 

e Erectile dysfunction, a significant treatment sequela affecting quality of life, occurs in 
14% to 50% of patients, depending on age and techniques of irradiation. Prospective, 
well-documented quantitative assessment of this sequela is lacking (78). 

e Treatment of erectile dysfunction includes psychotherapy with qualified counselors or 
psychiatrists, with active participation of the sexual partner, or other measures such 
as vacuum devices; intrapenile or intraurethral injections of papaverine, 
phentolamine, or prostaglandin E4; oral sildenafil citrate (Viagra); or semirigid or 
inflatable penile implants. 

e Although extremely rare, lumbosacral plexopathy has been occasionally reported in 
patients treated with doses of 60.0 to 67.5 Gy for pelvic tumors or even with doses as 
low as 40 Gy (five patients treated for malignant lymphomas) (69). 


Combined Surgery and Irradiation 


e Treatment-related morbidity of postprostatectomy irradiation is associated with the 
extent of lymphadenectomy. 

e Lower extremity and genital edema occur in approximately 10% to 20% of patients. 

e Urinary stress incontinence may be somewhat more frequent after adjuvant 
irradiation (12% to 15%) than after surgery alone (5% to 10%). 

e Urethral stricture is observed in approximately 5% to 10% of patients (64). 

e Sexual impotence with classic radical prostatectomy was more than 95%, but after 
nerve-sparing operation, approximately 60% to 70% of patients report satisfactory 
erectile function (9); it is too early to assess the impact of adjuvant irradiation on 
these patients. 


e In 105 patients treated with bilateral nerve-sparing prostatectomy who received 
postoperative irradiation (45 to 54 Gy to the prostatic bed) and 189 surgically treated 
patients who received no radiation therapy, no significant difference was observed in 
the incidence of urinary incontinence in the irradiated (6%) and the nonirradiated (8%) 
groups (15). Preservation of sexual potency at 1 year was 44% and 48%, respectively 
(p= .76). 

e No significant edema of the lower extremities occurred in 236 patients treated with 
definitive irradiation alone, in contrast to 15.5% (18 of 116) in patients who had 
undergone limited pelvic lymph node dissection and 66% (four of six) in those treated 
with extended lymphadenectomy (53). 
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Anatomy 


e Lymphatic trunks drain from the hilum of the testis and accompany the spermatic cord 
up to the internal inguinal ring along the course of the testicular veins. They continue 
cephalad with the vessels to drain into the retroperitoneal lymph glands between the 
levels of T-11 and L-4; however, on the left side, they concentrate at the level of the 
renal vessels. 

e On the right, most of the nodes lie anterior to the aorta and anterior, lateral, and 
medial to the inferior vena cava. On the left, most of the nodes lie lateral and anterior 
to the aorta. 

e Lymph nodes have extensive intercommunicating lymphatic channels. 

e As determined by lymphogram, crossover from the right to the left side is constant, 
but crossover from the left to the right side is rare and only occurs after the primary 
nodes are filled. 

e Ipsilateral and contralateral nodes are involved in 15% to 20% of patients with clinical 
stage | testicular tumors. 

e Previous inguinal surgery may disrupt lymphatic drainage and redirect it through the 
subcutaneous lymphatics of the anterior abdominal wall into the bilateral iliac nodes. 

e Lymphatic drainage of the skin and subcutaneous tissues of the scrotum is into the 
inguinal and iliac nodes. 

e From the retroperitoneal lumbar nodes, drainage occurs through the thoracic duct to 
lymph nodes in the mediastinum and supraclavicular fossae, and occasionally, to the 
axillary nodes (28). 


Natural History 


e Pure seminoma has a greater tendency to remain localized or involve only lymph 
nodes, but nonseminomatous germ cell tumors of the testes more frequently spread 
by hematogenous routes. 

e Pure seminoma is confined to the testis (stage |) at presentation in approximately 
85% of patients. 

e Pure seminoma spreads in an orderly fashion, initially to the retroperitoneal lymph 
nodes; from the retroperitoneum, it spreads proximally to involve the next echelon of 
draining lymphatics in the mediastinum and supraclavicular fossae. 


e Only rarely (and late) does pure seminoma spread hematogenously to involve lung 
parenchyma, bone, liver, or brain (28). 

e The incidence of carcinoma in situ of the contralateral testis in patients who have 
developed one testicular tumor is approximately 2.7% to 5.0%. Approximately 50% of 
men with carcinoma in situ develop invasive malignancy within 5 years (28). 


Clinical Presentation 


e A testicular tumor usually presents as a painless swelling in the scrotum, although 
occasionally there is pain and tenderness. 

e Occasionally, patients present with metastatic germ cell malignancies diagnosed by 
biopsy or elevated levels of serum tumor markers without a palpable mass in the 
testis. 

e Occult primary disease in the testis often is detected by testicular ultrasound. 

e If there is no evidence of a primary tumor in the testis, a diagnosis of an 
extratesticular germ cell tumor, usually mediastinal, retroperitoneal, or pineal, may be 
made. 


Diagnostic Workup 


e The tests usually obtained are listed in Table 43-1. 

e The contralateral testis should be carefully examined; if tumor is suspected, testicular 
ultrasound should be performed. 

e Gynecomastia is an important observation. 

e Pulmonary or renal function tests should be performed for patients who may receive 
bleomycin sulfate or combination chemotherapy. 

e Nonseminomatous germ cell tumors of the testes are uniquely associated with 
elevated B-human chorionic gonadotropin (B-hCG) and a-fetoprotein (AFP). One or 
both of these serum markers are elevated in 80% to 85% of patients with 
disseminated nonseminomatous disease. 

e Although B-hCG may be modestly elevated in 17% to 20% of patients with pure 
seminomas, an elevation of AFP usually indicates nonseminomatous elements (28). 

e Some tumors that appear to be pure seminoma by light microscopy may secrete AFP 
(23). Little is known about the specific clinical behavior of these tumors. 

e If a testicular cancer is suspected, serum tumor markers should be assayed before 
and after orchiectomy. 

e Placental alkaline phosphatase is a useful marker only for monitoring response to 
therapy in patients in whom it is elevated in the presence of disease. False elevations 
may occur in smokers (7). 

e Semen analysis and banking of sperm, if the quality is adequate, should routinely be 
discussed with patients in whom treatment is likely to compromise fertility. 

e Computed tomography (CT) scans of the abdomen and pelvis should be performed to 
evaluate the retroperitoneal nodal areas and assess the liver. 

e Radiographic studies should routinely include chest x-ray films for all patients and CT 
scans of the thorax for any patient with nonseminomatous germ cell tumors of the 
testis. 

e Bipedal lymphangiography may be obtained if the abdominal pelvic CT scan is within 
normal limits and observation alone is contemplated. The incidence of false-positive 
lymphograms is approximately 5%. 

e Radionuclide scanning of bones is unnecessary unless indicated by specific 
symptoms (28). 


Table 43-1: Diagnostic workup for tumors of the testis 
General 
History (document cryptorchidism and previous inguinal or scrotal surgery) 


Physical examination 
Laboratory studies 
Complete blood cell count 
Biochemistry profile (including lactate dehydrogenase) 
Serum assays 
a-Fetoprotein 
B-Human chorionic gonadotropin 
Placental alkaline phosphatase 
Surgery 
Radical inguinal orchiectomy 
Diagnostic radiology 
Chest x-ray films, posterior/anterior and lateral views 
Computed tomography scan of chest for nonseminoma 
Computed tomography scan of abdomen and pelvis 
Bipedal lymphangiogram (if abdomen computed tomography is normal) 
Ultrasound of contralateral testis (baseline) 
Special studies 
Semen analysis 


From Thomas GM, Williams SD. Testis. In: Perez CA, Brady LW, eds. Principles and practice 
of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:1695—1715, with 
permission. 


Staging Systems 


e Several staging systems have been used to describe the extent of disease at initial 
presentation. 

e Table 43-2 shows the common staging systems used for testicular cancer. These 
systems classify nodal disease by sizes of less than 2 cm, 2 to 5 cm, and greater 
than 5 cm in maximum dimension (8). 


Table 43-2: Staging systems for tumors of the testis 


Royal Marsden Hospital System UICC and AJCC? 
Stage Primary tumor (pT) 


Note: The extent of primary tumor is classified 
after radical orchiectomy. 


| (No evidence of metastases pTX Primary tumor cannot be assessed (if no 
radical orchiectomy has been performed, 
TX is used) 
Il (Metastases confined to abdominal pTO (No evidence of primary tumor (e.g., 
nodes: histologic scar in testis) 
Maximum diameter of metastases <2 pTis_Intratubular germ cell neoplasia 
IIA (cm (carcinoma in situ) 
2-5 cm pT1 Tumor limited to testis and epididymis 


IIB without vascular/lvmohatic invasion: 


IIC 


>5 cm 


pT2 


Involvement of supradiaphragmatic and |pT3 


infradiaphragmatic lymph nodes; no 
extralymphatic metastases; abdominal 
status A, B, C, as for stage II 


Extralymphatic metastases 


Abdominal status: 0, A, B, C, as for 
stage Il 


Lung status: 

L1: 23 metastases 

L2: multiple <2 cm diameter 

L3: multiple >2 cm 

Liver status: + liver involvement 


pT4 


tumor may invade into tunica albuginea 
but not tunica vaginalis 


Tumor invades beyond tunica albuginea 
or into epididymis 


Tumor invades spermatic cord with or 
without vascular/lymphatic invasion 


Tumor invades scrotum with or without 
vascular/lymphatic invasion 


Regional lymph nodes (N) 


Clinical 

NX Regional lymph nodes cannot be 
assessed 

NO (No regional node metastasis 

N1  |Metastasis with a lymph node mass =2 
cm in greatest dimension; or multiple 
lymph nodes, none >2 cm in greatest 
dimension 

N2 (Metastasis with a lymph node mass, >2 
but not >5 cm in greatest dimension; or 
multiple lymph nodes, any one mass >2 
cm but not >5 cm in greatest dimension 

N3 Metastasis with a lymph node mass >5 


cm in greatest dimension 


Pathologic (pN) 


pNX Regional lymph nodes cannot be 


pNO 
pN1 


pN2 


pN3 


assessed 
No regional lymph node metastasis 


Metastasis with a lymph node mass, #2 
cm in greatest dimension and 45 nodes 
positive, none >2 cm in greatest 
dimension 


Metastasis with a lymph node mass >2 
cm in greatest dimension; or >5 nodes 
positive, none >5 cm; or evidence of 
extranodal extension of tumor 


Metastasis with a lymph node mass >5 
cm in greatest dimension 


Distant metastasis (M) 


MX 
MO 


Distant metastasis cannot be assessed 
No distant metastasis 


M1 Distant metastases 


Nonregional nodal or pulmonary 
Mia |metastasis 


Distant metastasis other than to 
Mib |nonregional lymph nodes and lungs 


Serum markers 


SX Marker studies not available or not 
performed 


S0 Marker study levels within normal levels 
S1 LDH <1.5 x N and 
(mIU/mL) <5,000 and 


(ng/mL) <1,000 


S2 LDH 1.5-10 x Nor 
(mIU/mL) 5,000-50,000 or 


(ng/mL) 1,000-10,000 


S3 [LDH >10 x Nor 
(mIU/mL) >50,000 or 


(ng/mL) >10,000 


'N Indicates upper limit of normal for LDH 
assay 


AFP, a-fetoprotein; AJCC, American Joint Committee on Cancer; hCG, human chorionic 
gonadotropin; LDH, lactate dehydrogenase; UICC, International Union Against Cancer. 


“AJCC/UICC staging from Fleming ID, Cooper JS, Henson DE, et al., eds. AJCC cancer 
staging manual, 5th ed. Philadelphia: Lippincott-Raven, 1997:225-230, with permission. 


Pathology 


e The classification of testicular tumors most widely used today is that of the Armed 
Forces Institute of Pathology (Table 43-3) (21). 

e Germ cell tumors account for 95% of all testicular tumors. 

e For the purpose of treatment, the two broad categories are (a) pure seminomas and 
(b) all others; the latter are classified as nonseminomatous germ cell tumors of the 
testis. 

e Initially, three histologic subtypes of seminoma were recognized: classical, anaplastic, 
and spermatocytic. The newest version of the Armed Forces Institute of Pathology 
fascicle will not include a separate category for anaplastic seminoma. 

e The spermatocytic type of tumor, although rarely seen, usually occurs in older 
patients and appears to have a better prognosis than classic seminoma. 

e The newer classification has a variant of seminoma described as "seminoma with 
syncytiocytotrophoblastic cells." This variant has elevated serum B-hCG levels, and 
confusion with mixed germ cell tumors should be avoided. Elevation of B-hCG in the 
setting of pure seminoma, however, has no prognostic significance. 


e Nonseminomatous tumors are associated with a higher likelinood of nodal and distant 
metastases than their seminoma counterparts; they are also more radioresistant. The 
usual types are embryonal carcinoma, teratocarcinoma (teratoma plus embryonal 
carcinoma), yolk sac (endodermal sinus) tumors (the most common childhood testis 
tumor), and pure choriocarcinoma (rare and almost always associated with 
widespread dissemination) (28). 


Table 43-3: Classification of testicular neoplasms 


Germ cell tumors 
Precursor lesion 
Intratubular germ cell neoplasm, unclassified 
Tumors of one histologic type 
Seminoma; variant: seminoma with syncytiotrophoblastic cells 


Spermatocytic seminoma; variant: spermatocytic seminoma with a sarcomatous 
component 


Embryonal carcinoma 
Yolk sac tumor 
Choriocarcinoma 
Teratoma 
Mature 
Immature 
With a secondary malignant component 
Monodermal variant 
Carcinoid 
Primitive neuroectodermal 
Tumors of more than one histologic type 
Mixed germ cell tumor (specify components) 
Polyembryoma 
Diffuse embryoma 
Sex cord-stromal tumors 
Leydig cell tumor 
Sertoli cell tumor; variant: large cell calcifying Sertoli cell tumor 
Granulosa cell tumor 
Adult type 
Mixed germ cell-sex cord tumors 
Gonadoblastoma 
Others 
Miscellaneous 
Lymphoma (specify type) 
Plasmacytoma 
Sarcoma (specify type) 
Adenocarcinoma of rete testis 
Carcinomas and borderline tumors of ovarian-type 
Malignant mesothelioma 


From Ulbright T, Thomas G. Protocol for the examination of specimens removed from 
patients with testicular cancer. (Unpublished data.) 


Prognostic Factors 
Seminoma 


e Except for stage and extent of disease, no other prognostic factors have been 
identified. 

e Neither the histologic subtype nor elevation of serum B-hCG is of prognostic 
significance in seminomas. 

e For stage II disease, the outcome after irradiation depends on the bulk of 
retroperitoneal disease (19,31). 

e Patients with stage IIl or IV disease usually have a worse prognosis than patients with 
stage Il disease (20). 


Nonseminoma 


e Almost all patients with stage | and "small-volume" stage II tumors (variously defined, 
but always less than 5 cm retroperitoneal mass) will survive with modern 
management. 

e Inpatients with more advanced disease treated primarily with chemotherapy, 
universal agreement has not been reached on which classification system best 
discriminates between high- and low-risk disease. 

e Patients with mediastinal primary tumors fare worse than those with testicular or 
retroperitoneal primary tumors. 


General Management 


e Initial management of a suspected malignant germ cell tumor of the testis is to obtain 
serum AFP and B-hCG measurements and, after the outlined workup, to perform a 
radical (inguinal) orchiectomy with high ligation of the spermatic cord. 

e Data from the Princess Margaret Hospital showed that 15% of patients had scrotal 
incisions, transscrotal needle biopsy, or previous inguinal surgery; none developed 
scrotal recurrence during surveillance (28). 

e Similar data from the Royal Marsden Hospital indicated that 17% of patients had 
inguinal/scrotal interference; none of the 36 patients developed scrotal recurrence 
during surveillance only (13). Nevertheless, transscrotal operations are not 
recommended. 

e Further management depends on pathologic diagnosis and the stage and extent of 
disease. 


Stage | Seminoma 


e Standard adjuvant treatment of patients with stage | seminoma has been 
postoperative irradiation of the paraaortic and ipsilateral pelvic nodes (1,16,27,32). 
e The incidence of paraaortic lymph node metastasis is 15% to 20%. 


Paraaortic Irradiation Only 


e Inan effort to limit infertility after retroperitoneal and pelvic irradiation in this young 
population, the Medical Research Council of the United Kingdom and the European 
Organization for Research on Treatment of Cancer completed a cooperative trial 
comparing paraaortic only versus paraaortic and ipsilateral pelvic nodal irradiation. 


e Fossa et al. (9) observed that, in 236 patients receiving irradiation to the paraaortic 
lymph nodes only and 242 treated to the paraaortic and ipsilateral pelvic lymph 
nodes, nine relapses occurred in each group. The 3-year survival rate was 99.3% in 
the paraaortic-irradiation group and 100% in the group receiving paraaortic and pelvic 
lymph node irradiation. 

e In 402 patients with stage | disease treated to the paraaortic area only (20 Gy in 8 
fractions over 10 days), Logue et al. (18) noted nine pelvic relapses, two distant 
metastases, and one scrotal recurrence. The 5-year disease-free survival rate was 
96.5%. 

e Radiation oncologists may choose, after data are available, to treat the paraaortic 
nodes only; because there is a small additional risk of failure in the untreated pelvic 
nodes, patients so treated will require regular CT surveillance of the pelvis (28). 


Protocols for Surveillance 


e Three large series of surveillance from Toronto, the Royal Marsden Hospital, and the 
Danish Cooperative Group have been reported (12,29). 

e The actuarial risk of relapse at 3 years in the Royal Marsden Hospital study was 
15.5%; accrued risk was 19% in the Danish Cooperative Group and 13.4% in Toronto 
studies. 

e The predominant site of relapse was the retroperitoneum; 81 of 90 relapses were in 
the retroperitoneum only, and five were in the inguinal nodes. The five inguinal node 
relapses occurred in patients with previous interference of the inguinal or scrotal 
regions. 

e Ofthe 90 relapses, 71 (79%) were managed with salvage infradiaphragmatic 
irradiation; the remainder received chemotherapy at first relapse. 

e Of the 583 patients in the three studies, two (0.3%) died of disease and two of 
treatment sequelae. The overall survival rate was 99.3%. 

e Surveillance for patients with stage | seminoma is now considered to be a therapeutic 
option only with a compliant patient; because of the risk of late relapse, the patient 
should be followed for at least 10 years (24,25). 


Stage II Seminoma 


e The recommended treatment for stage Il seminoma depends on the bulk of 
retroperitoneal nodal disease. 

e For patients with stage IIA (less than 2-cm diameter mass) or IIB disease (2- to 5-cm 
diameter mass), irradiation of the paraaortic and ipsilateral pelvic nodes is identical to 
that used for stage | disease, with appropriate modifications of technique and doses 
to encompass the larger mass (16,28). 

e For stage IIA and IIB disease (nonpalpable), the necessity of prophylactic mediastinal 
irradiation is controversial. 

e Compiled data from six series suggest that supradiaphragmatic relapse is extremely 
rare, even when prophylactic mediastinal irradiation is withheld. In 8 of 250 patients 
with mediastinal relapse, 7 were salvaged with irradiation (28). 

e Radiation oncologists have abandoned the use of prophylactic mediastinal irradiation 
for patients with stage IIA and IIB disease because of the low possible survival benefit 
(0.4%, or 1 in 250), as well as significant cardiopulmonary toxicity (17). 

e Optimal therapy for patients with stage IIC retroperitoneal disease (5 to 10 cm in 
transverse diameter) is controversial. Several approaches to initial management are 
currently practiced: 

1. Initial disease is treated with infradiaphragmatic irradiation only; subsequent 
relapse in the mediastinum or any other site is treated with cisplatin- 
containing combination chemotherapy. 

2. Initial treatment is cisplatin-containing combination chemotherapy, followed 
by observation of residual masses, "consolidation" radiation therapy to sites 
of bulky disease, or surgery for residual masses. 

e The choice of initial modality depends on the size and location of the retroperitoneal 
node mass. 


If the mass is centrally located and does not overlie most of one kidney or 
significantly overlap the liver, primary radiation therapy is appropriate. 

If the mass is located such that the irradiation volume covers most of one kidney or 
significant volumes of the liver, the potential morbidity of irradiation can be avoided by 
use of primary cisplatin-containing chemotherapy (28). 

If disease is confined to the retroperitoneum but is greater than 10 cm in transverse 
diameter (stage IID), relapse rates with primary irradiation are approximately 40%. 
These patients should be treated with primary cisplatin-containing combination 
chemotherapy (30). 


Stage III or IV Seminoma 


For the rare patient with stage IIl or IV disease (i.e., supradiaphragmatic nodal 
disease or dissemination to parenchymal organs), the current standard therapy is four 
courses of cisplatin-containing combination chemotherapy. 

The use of "consolidation" radiation therapy after chemotherapy to the site of initial 
bulky disease or for residual masses after chemotherapy given for stage IIB, III, and 
IV disease is surrounded by controversy (6). 

Because the toxicity of postchemotherapy irradiation (particularly of the mediastinum) 
is substantial, it is appropriate that patients with residual masses after chemotherapy 
be observed and treated only if there are signs of progressive disease. 

The most commonly accepted standard regimens for management of testicular 
seminoma include four courses of cisplatin, vinblastine sulfate, and bleomycin sulfate 
(PVB) or bleomycin sulfate, etoposide, and cisplatin (BEP). 


Nonseminoma 


Treatment for nonseminoma is initiated by radical inguinal orchiectomy; subsequent 
management, based on stage and tumor bulk, includes cisplatin-based chemotherapy 
and urologic surgical intervention. 

One-third of chemotherapy-treated patients have a radiographically apparent residual 
mass after chemotherapy. These masses generally should be excised because 
approximately 40% are composed of teratoma and another 10% to 15% of carcinoma 
(28). 

Patients with persistent carcinoma require additional chemotherapy. 

In stage | disease observation may be used after chemotherapy. 

A retroperitoneal lymph node dissection is indicated in some patients (5). 

Radiation therapy has no role in the management of patients with disseminated 
nonseminoma, with the exception of palliation or management of brain metastases. 


Radiation Therapy Techniques 


At most institutions, patients with stage | seminoma receive irradiation to the 
paraaortic and ipsilateral pelvic nodes (Fig. 43-1). 

The treatment volume should include the superior plate of the T-10 vertebra and 
should extend inferiorly to the top of the obturator foramina; it is not necessary to 
include the scar in the inguinal region. 

The lateral borders should include the paraaortic lymph nodes, as visualized by 
lymphogram, and the ipsilateral renal hilum. 

The field is usually 10 to 12 cm wide except at the hila, where it may be wider. 

The ipsilateral iliac and pelvic nodes should be encompassed by a shaped field with 
2-cm margins on the visualized nodes. 

Contralateral testicular shielding should be used if the patient wishes to preserve 
fertility (10,15). Testicular shielding is beneficial even in patients treated only to the 
paraaortic region (2). 

Anterior and posterior opposing portals are used; both fields should be treated daily, 
5 days per week. 


The 1989 Consensus Conference recommended 25 Gy given in 20 fractions (27); 
however, it is common practice in the United States to deliver approximately 25 Gy in 
1.6- to 1.8-Gy fractions (28). 

Some reports state that irradiation to the paraaortic lymph nodes, excluding the 
ipsilateral pelvic lymphatics, is adequate (9,14). 

For stage IIA, no modification of the volume or dose of irradiation is necessary. 

For stage IIB disease (2- to 5-cm diameter), the field width should be appropriately 
widened to encompass the mass as visualized on CT or lymphography with a margin 
of 2cm. 

For masses with transverse diameters greater than 4 cm, the total irradiation dose is 
increased to 35 Gy. The first 25 Gy is delivered to an initial volume, and a boost of 10 
Gy in 5 to 8 fractions is given to a reduced field that encompasses the nodal mass, 
with an adequate margin (1.5 to 2.0 cm) if the retroperitoneal mass exceeds 4 cm in 
diameter. 

Some radiation oncologists treat the contralateral and the ipsilateral pelvic nodes. 
This treatment is prescribed because of the risk of retrograde spread into the 
contralateral nodes from a relatively large retroperitoneal mass, particularly if it is low- 
lying. However, no data exist to estimate the risk of contralateral pelvic nodal relapse 
in this circumstance. If bilateral pelvic nodal irradiation is performed, a central pelvic 
shield should be used (28). 

If mediastinal and supraclavicular irradiation is required for isolated progression of 
disease in those sites after chemotherapy, a dose of 25 Gy is given in 1.75- to 2.0-Gy 
fractions. The portal arrangement should be an anterior and posterior opposed pair of 
fields to the mediastinum wide enough to encompass the visible disease with a 1.0- 
to 1.5-cm margin. The supraclavicular fossae can usually be adequately treated with 
a single anterior field. 

Stage IIC disease is treated as stage IIB disease, but the abdominal fields are larger 
to encompass the known volume of tumor (Fig. 43-2). If primary radiation therapy is 
used and the irradiation field of necessity encompasses most of one kidney, the field 
size should be reduced as the tumor shrinks. Initial shrinkage of large masses is often 
rapid, and the abdominal CT scan repeated after the first 3 weeks of radiation therapy 
may allow significant reduction of the treatment volume encompassing the residual 
tumor, with sparing of at least two-thirds of the kidney to doses higher than 18 Gy. 

If a large mass overlies one or both kidneys to an extent that radiation therapy may 
cause significant nephrotoxicity, it is probably better to use chemotherapy initially, 
rather than irradiation. 

If radiation therapy is required for an enlarging mediastinal mass after treatment with 
chemotherapy, the mass volume should be carefully defined by CT scanning of the 
thorax. The radiation fields should be tightly confined to the known site of residual 
disease, and the irradiation dose should be limited to 25 Gy (28). 
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Fig. 43-1: Lymph 
node drainage of 
testis and 
irradiation portals 
for stage | and 
"small-volume" 
stage II disease. 
(From Thomas 
GM, Williams SD. 
Testis. In: Perez 
CA, Brady LW, 
eds. Principles 
and practice of 
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Philadelphia: 
Lippincott-Raven, 
1998:1695-1715, 
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Fig. 43-2: Example of 
paraaortic and pelvic 
irradiation portals for 
treatment of stage IIC 
disease. The solid dark 
line marks the initial 
volume treated to 25 Gy 
in 20 fractions; the 
hatched line shows the 
boost volume given an 
additional 10 Gy in 
seven fractions. (From 
Thomas GM, Williams 
SD. Testis. In: Perez 
CA, Brady LW, eds. 
Principles and practice 
of radiation oncology, 
3rd ed. Philadelphia: 
Lippincott-Raven, 
1998:1695—1715, with 
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Sequelae of Treatment 
Radiation Therapy 


e The complications associated with 30 to 40 Gy of irradiation include moderate to 
severe dyspepsia in 5% to 6% of patients and peptic ulceration in 2% to 3% (9). 

e Inthe Patterns of Care study, no major complications were seen with doses below 25 
Gy, but with 25 to 35 Gy the incidence was 2%, and with 40 to 45 Gy the complication 
rate rose to 6% (4). 

e Approximately 50% of patients with testicular seminoma have some degree of 
impairment in spermatogenesis at presentation, which makes it difficult to evaluate 
the effects of irradiation on fertility. Exposure of the remaining testis to therapeutic 
irradiation may further impair fertility; impairment is dose dependent. 

e Data suggest that hormonal function and spermatogenesis may be compromised at 
dose levels as low as 0.5 Gy and that cumulative doses above 2 Gy probably lead to 
permanent injury (26). 

e Careful shielding of the remaining testis can reduce the dose received by this testis to 
1% to 2% of the prescription dose (10). 


e Even with lowered sperm counts and the defects associated with cryopreservation if a 
large mass overlies one or both kidneys to an extent that radiation therapy may cause 
significant nephrotoxicity, live births are more likely to be reported using 
cryopreserved sperm. It is now suggested that semen cryopreservation should be 
available for all men diagnosed with testicular cancer if they wish to preserve fertility. 

e Several series have reported an increased relative risk of second malignancy in 
patients receiving irradiation for testicular seminoma (3,9,22). 

e Prophylactic mediastinal irradiation has been shown in the Patterns of Care study to 
be associated with a significant excess of cardiac and pulmonary deaths (11). 


Chemotherapy 


e Cisplatin -based chemotherapy is associated with nausea, vomiting, and alopecia. 

e Serious short-term problems include myelosuppression, bleomycin-induced 
pulmonary fibrosis, and, rarely, cisplatin nephrotoxicity. Myelosuppression and 
pulmonary fibrosis are fatal in 0.5% to 4.0% of treated patients (28). 

e Drug-related mortality is more likely in patients with high tumor volume and previous 
irradiation. It is probably also related to the experience of the treating physician. 

e There is a risk of secondary malignancy when chemotherapy is used in the treatment 
of germ cell tumors. 

e Other late toxicities include high-tone hearing loss, neurotoxicity, Raynaud's 
phenomenon, ischemic heart disease, hypertension, renal dysfunction, and 
pulmonary toxicity. Fortunately, despite these observations, most patients have 
excellent health and functional status. 

e BEP (bleomycin sulfate, etoposide, and cisplatin) causes immediate azoospermia, 
but with time, more than half of the patients recover normal or nearly normal 
spermatogenesis. 

e It is difficult to separate the effects of chemotherapy from reduced fertility as an 
antecedent event to testis cancer. 

e In pregnancies initiated after therapy, there is no evidence of adverse fetal effects. 


Surgery 


e Acute complications of retroperitoneal node dissection are uncommon; they include 
infection, pulmonary embolus, and, rarely, chylous ascites and orthostatic 
hypotension. 

e The operative mortality rate is less than 1%. 

e The major potential adverse effect of surgery is infertility. 

e Patients who have had classic bilateral retroperitoneal node dissection have normal 
potency and subjective sensation of orgasm but a dry ejaculate. 

e Amajor improvement in the surgical treatment of testis cancer has been the 
development of the nerve-sparing retroperitoneal lymph node dissection. 
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Anatomy 


e The basic structural components of the penis include two corpora cavernosa and the 
corpus spongiosum. Distally, the corpus spongiosum expands into the glans penis, 
which is covered by a skin fold (prepuce). 

e The male urethra, composed of a mucous membrane and the submucosa, extends 
from the bladder neck to the external urethral meatus. 

e The posterior urethra is subdivided into the membranous urethra (portion passing 
through urogenital diaphragm) and the prostatic urethra, which passes through the 
prostate (Fig. 44-1). The anterior urethra passes through the corpus spongiosum and 
is subdivided into the fossa navicularis, a widening within the glans; the penile 
urethra, which passes through the pendulous part of the penis; and the bulbous 
urethra, the dilated proximal portion of the anterior urethra. 

e The lymphatic channels of the prepuce and the skin of the shaft drain into the 
superficial inguinal nodes located above the fascia lata. The rich anastomotic network 
of the lymphatics within the penis and at its base means that, for practical purposes, 
lymphatic drainage may be considered bilateral. 

e The so-called sentinel nodes, located above and medial to the junction of the 
epigastric and saphenous veins, have been identified as the primary drainage sites in 
carcinoma of the penis (Fig. 44-2). This group of nodes is of obvious importance in 
assessment of tumor extent because, if they are not involved by tumor, a complete 
nodal dissection may not be necessary. 

e The lymphatics of the fossa navicularis and the penile urethra follow those of the 
penis to the superficial and deep inguinal lymph nodes. 

e The lymphatics of the buloomembranous and prostatic urethra may follow three 
routes: Some pass under the pubic symphysis to the external iliac nodes, some go to 
the obturator and internal iliac nodes, and others end in the presacral lymph nodes. 

e The pelvic (iliac) lymph nodes are rarely affected in the absence of inguinal lymph 
node involvement (4). 
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e Most carcinomas of the penis start within the preputial area, arising in the glans, 
coronal sulcus, or the prepuce (3). 

e The inguinal lymph nodes are the most common site of metastatic spread. In patients 
with clinically nonpalpable inguinal nodes, approximately 20% have micrometastasis. 

e Pathologic evidence of nodal metastases is reported in approximately 35% of all 
patients and in approximately 50% of those with palpable lymph nodes. 

e Urethral cancers tend to spread by direct extension to adjacent structures. Invasion 
into the vascular space of the corpus spongiosum in the periurethral tissues is 
common. Malignancies beginning in the bulbomembranous urethra often invade the 
deep structures of the perineum, including the urogenital diaphragm, prostate, and 
adjacent skin. 

e In most prostatic urethral tumors, the bulk of the prostate gland is involved at the time 
of diagnosis. 


Clinical Presentation 


e Carcinoma of the penis may present as either an infiltrative-ulcerative or an exophytic 
papillary lesion. 

e Patients with urethral carcinoma may present with obstructive symptoms, tenderness, 
dysuria, urethral discharge, and occasionally, initial hematuria. 


Diagnostic Workup 


e Urethroscopy and cystoscopy are essential to the diagnostic workup. 

e Inguinal lymph nodes should be thoroughly evaluated. Chest x-ray films and 
intravenous pyelogram routinely are obtained. 

e Computed tomography is useful in the identification of enlarged pelvic and periaortic 
lymph nodes in patients with involved inguinal lymph nodes. 


Staging Systems 


e The staging system proposed by Jackson (13) is the system most commonly used for 
carcinoma of the penis (Table 44-1). 


e The most commonly used staging system for carcinoma of the male urethra was 
proposed by Ray et al. (22) (Table 44-2). 


Table 44-1: Staging system for carcinoma of the penis proposed by Jackson 
Stage Description 

| Tumor confined to glans and/or prepuce 

II Tumor extending onto shaft of penis 

Il Tumor with malignant, but operable, inguinal lymph nodes 


IV Inoperable primary tumor extending off the shaft of the penis, or inoperable groin 
nodes, or distant metastases 


From Jackson SM. The treatment of carcinoma of the penis. Br J Surg 1966;53:33-35, with 
permission. 


Table 44-2: Staging system for male urethral carcinoma proposed by Ray and 
associates 


Stage Description 
0 Tumor confined to mucosa only 


D1 
D2 


Tumor extension into but not beyond lamina propria 


Tumor extension into but not beyond substance of corpus spongiosum or into but not 
beyond prostate 


Direct extension into tissues beyond corpus spongiosum (corpora cavernosa, 
muscle, fat, fascia, skin, direct skeletal involvement) or beyond prostatic capsule 


Regional metastasis, including inguinal and/or pelvic lymph nodes 
Distant metastasis 


From Ray B, Canto AR, Whitmore WF. Experience with primary carcinoma of the male 
urethra. J Urol 1977;117:591-594, with permission. 


Pathologic Classifications 


Most malignant penile tumors are well-differentiated squamous cell carcinomas. 
Approximately 80% of urethral carcinomas in men can be classified as squamous cell 
carcinomas, usually well or moderately differentiated (18). 

Transitional cell carcinoma, adenocarcinoma, and undifferentiated or mixed 
carcinomas represent approximately 15%, 5%, and 1%, respectively. 


Prognostic Factors 


Extent of the primary lesion and status of the lymph nodes are the principal 
prognostic factors in carcinoma of the penis. 

Tumor-free regional nodes imply excellent (85% to 90%) long-term survival or even 
cure. Patients with involvement of the inguinal nodes fare considerably worse, and 
only 40% to 50% survive long term (5,25). Pelvic lymph node involvement implies the 
worst prognosis; less than 20% of these patients survive (2,5,12). 

Distal urethral cancer generally has a prognosis similar to that of carcinoma of the 
penis. Lesions of the bulbomembranous urethra are usually quite extensive and are 
associated with a dismal prognosis. 

Tumors of the prostatic urethra show prognostic features similar to those in bladder 
carcinoma. 


General Management 


Carcinoma of the Penis 


Surgical intervention at the primary site for carcinoma of the penis ranges from local 
excision or chemosurgery (23) (in a small group of highly selected cases, particularly 
those with small lesions of the prepuce) to partial or total penectomy. 

The ideal surgical procedure eliminates the disease and preserves sexual and urinary 
function, although this is not always possible because of the extent of disease. 
Radical surgery, especially total penectomy, may be psychologically devastating to 
the patient. 

Lesions confined to the prepuce may be treated with wide circumcision. 

Lesions on the glans penis traditionally have been treated by partial penectomy. 
Circumcision is associated with a 40% local recurrence rate. 

Partial penectomy is the procedure of choice if surgical margins of 2 cm can be 
achieved. 

It is possible for some patients to remain sexually active after partial penectomy. 
Jensen (14) reported that 45% of patients with 4 to 6 cm and 25% of patients with 2 
to 4 cm of penile stump could perform sexual intercourse. 


Radiation Therapy 


e The primary advantage of radiation therapy is preservation of the phallus. This is 
particularly important to young, sexually active men with a small, invasive lesion 
localized to the glans. 

e Modalities to deliver radiation to the penis include megavoltage external-beam 
irradiation, iridium 192 mold plesiotherapy, and interstitial implant using iridium 192 
wires (11,17,20,21,23). 

e Grabstald and Kelley (9) reported 90% local tumor control in ten patients with stage | 
lesions treated with external-beam irradiation (51 to 52 Gy in 6 weeks). 

e A series from the M. D. Anderson Cancer Center, Houston, TX, demonstrated 80% 
local control and retention of the phallus in early-stage disease (10). 

e Duncan and Jackson (6) reported 90% local control for stage | lesions treated with a 
megavoltage treatment unit delivering 50 to 57 Gy over 3 weeks. 

e Irradiation of the involved regional lymph nodes in patients with carcinoma of the 
penis results in permanent control and cure in a substantial proportion of patients. In 
the classic series of Staubitz et al. (26), 5 of 13 patients (88%) with proven 
involvement of regional lymph nodes who received nodal irradiation survived 5 years. 

e = Inguinal lymph node irradiation for nonpalpable nodes is an integral component of 
successful treatment; control has been achieved in 95% of cases. Without irradiation 
to the inguinal lymph nodes, as many as 20% of patients can be expected to develop 
positive nodes later. 


Chemoirradiation 


e Because most lesions are squamous cell carcinoma, one would expect platinum- 
based agents to be effective when performing chemoirradiation. 

e Doxorubicin , bleomycin sulfate, and methotrexate may be useful in the management 
of advanced-stage lesions, and perhaps in early-stage disease as well. 


Carcinoma of the Male Urethra 


e The primary mode of therapy for carcinoma of the male urethra is surgical excision. 

e In lesions of the distal urethra, results with either penectomy or radiation therapy are 
similar to those for carcinoma of the penis; 5-year survival rates also are comparable 
(50% to 60%). 


Radiation Therapy Techniques 
Carcinoma of the Penis 


e Circumcision, if indicated, must be performed before irradiation is initiated. The 
purpose of this procedure is to minimize radiation-associated morbidity (swelling, skin 
irritation, moist desquamation, and secondary infection). 

e Although external-beam therapy has become prevalent in the treatment of primary 
lesions in carcinoma of the penis, plastic molds or interstitial implants are still 
occasionally used (3). 


External Irradiation 


e External-beam therapy requires specially designed accessories (including bolus) to 
achieve homogeneous dose distribution to the entire penis. 

e Frequently, a plastic box with a central circular opening that can be fitted over the 
penis is used. The space between the skin and the box must be filled with tissue- 
equivalent material (Fig. 44-3). This box can then be treated with parallel-opposed 
megavoltage beams. 


e An ingenious alternative to the box technique is the use of a water-filled container to 
envelop the penis while the patient is in a prone position (24). 

e Inmany series, fraction size ranges from 2.5 to 3.5 Gy (total dose of 50 to 55 Gy), 
although a smaller daily fraction size (1.8 to 2.0 Gy) and a higher total dose are 
preferable. 

e A total of 60 to 65 Gy, with the last 5 to 10 Gy delivered to a reduced portal, should 
result in a reduced incidence of late fibrosis. 

e Regional lymphatics may be treated with external-beam megavoltage irradiation. Both 
groins should be irradiated. The fields should include inguinal and pelvic (external 
iliac and hypogastric) lymph nodes (Fig. 44-4). 

e Depending on the extent of nodal disease and the proximity of detectable tumor to 
the skin surface, or the presence of skin invasion, application of a bolus to the 
inguinal area should be considered. 

e If clinical and radiographic evaluations show no gross enlargement of the pelvic 
lymph nodes, dose to these nodes may be limited to 50 Gy. In patients with palpable 
lymph nodes, doses of approximately 70 to 75 Gy over 7 to 8 weeks (1.8 to 2.0 Gy 
per day) with reducing fields (after 50 Gy) are advised. 
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Fig. 44-3: A: View from above of plastic box with central cylinder for external irradiation of the penis. Patient is 
treated in the prone position. The penis is placed in the central cylinder, and water is used to fill the surrounding 
volume in the box. Depth dose is calculated at the central point of the box. B: Lateral view. (From Chao KS, Perez 
CA. Penis and male urethra. In: Perez CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. 
Philadelphia: Lippincott-Raven, 1998:1717—1732, with permission.) 


Fig. 44-4: Portals encompassing inguinal and pelvic lymph nodes. (From Chao KS, Perez CA. Penis and male 
urethra. In: Perez CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincot 


Raven, 1998:1717-—1732, with permission.) 


Brachytherapy 


For brachytherapy, a mold is usually built in the form of a box or cylinder, with a 
central opening and channels for placement of radioactive sources (needles or wires) 
in the periphery of the device. The cylinder and sources should be long enough to 
prevent underdosage at the tip of the penis. 

A dose of 60 to 65 Gy at the surface and approximately 50 Gy at the center of the 
organ is delivered over 6 to 7 days. 

The mold can be applied either continuously (in which case an indwelling catheter 
should be in place) or intermittently. Intermittent application requires precise time 
record keeping. 

Alternatively, single- or double-plane implants can be used to deliver 60 to 70 Gy in 5 
to 7 days (20). 


Carcinoma of the Male Urethra 


Radiation therapy for carcinoma of the anterior (distal) urethra is similar to that for 
carcinoma of the penis. 

Lesions of the bulbomembranous urethra can be treated with a set of parallel- 
opposed fields covering the groins and pelvis, followed by perineal and inguinal 
boost. 

Lesions of the prostatic urethra can be treated with techniques and doses similar to 
those used for carcinoma of the prostate. 


Chemotherapy 


Experience with use of chemotherapy in carcinoma of the penis is even more limited 
than with other modalities. 

Tumor regression occasionally has been observed with antineoplastic agents such as 
bleomycin sulfate, 5-fluorouracil, or methotrexate. In some instances, however, 
chemotherapy has been combined with irradiation or surgery, making assessment of 
the response more difficult (27). 

Response to cisplatin has been reported in a few patients. Anmed et al. 0) treated 12 
patients with penile cancer with intravenous cisplatin (70 to 120 mg per mî) every 3 
weeks and noted three responses, with a duration of 2 to 8 months. Gagliano et al. 
(8) observed no complete response and only four partial responses (15.4%) in 26 
patients with stage III or IV epidermal carcinoma of the penis who received cisplatin 
(50 mg per mî) intravenously on day 1 and then every 28 days; response duration 
was 1 to 3 months. 


Sequelae of Treatment 


Irradiation of the penis produces a brisk erythema, dry or moist desquamation, and 
swelling of the subcutaneous tissue of the shaft in virtually all patients. Although quite 
uncomfortable, these are reversible reactions that subside within a few weeks, with 
conservative treatment. 

Telangiectasia is a common late consequence of radiation therapy and is usually 
asymptomatic. 

In the reported series, meatal-urethral strictures occur with a frequency of 0% to 40% 
(7,11,15,16,19). This incidence compares favorably with the incidence of urethral 
stricture following penectomy. Most strictures following radiation therapy are at the 
meatus. 

Ulceration, necrosis of the glans, and necrosis of the skin of the shaft are rare 
complications. 


e Lymphedema of the legs has been reported after inguinal and pelvic irradiation, but 
the role of irradiation in the development of this complication is controversial. Many 
patients with this symptom have active disease in the lymphatics that may be 
responsible for lymphatic blockage. 

e Ofall male genitourinary cancers, penile cancer poses the greatest threat to sexual 
function. It also carries the risk of castration, which can be psychologically 
devastating. Despite recent advances in treatment, however, sexual function is not 
likely to be adequately preserved in some patients. These patients and their partners 
need information about physical impairments after surgical intervention, and should 
be taught adjustment skills before treatment is started. Referral to a trained sexual 
consultant or therapist for help is indicated. 
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Anatomy 


e The uterus is located in the midplane of the true pelvis, in an anteverted position, 
behind the bladder and in front of the rectum. It is partially covered by peritoneum in 
its fundal portion. Posteriorly, its lateral surfaces are related to the parametria and the 
broad ligaments. 

e The two main regions are the corpus and cervix. The cervix is separated from the 
corpus by the isthmus and is divided into the supravaginal portion, which is above the 
ring containing the endocervical canal, and the vaginal portion, which projects into the 
vault. 

e The uterus is attached to the surrounding structures in the pelvis by the broad and the 
round ligaments. The broad ligament is a double layer of peritoneum extending from 
the lateral margin of the uterus to the lateral wall of the pelvis and the pelvic floor. It 
contains the fallopian tubes. The round ligament extends from its attachment in the 
anterolateral portion of the uterus to the lateral pelvic wall; it crosses the pelvic brim 
and reaches the abdominoinguinal ring, through which it traverses the inguinal canal 
and terminates in the superficial fascia. 

e The uterosacral ligaments extend from the uterus to the sacrum and run along the 
recto-uterine-peritoneal fields. 

e The cardinal ligaments, also called the transverse cervical ligaments (Mackenrodt's), 
arise at the upper lateral margins of the cervix and insert into the pelvic diaphragm. 

e The uterus has a rich lymphatic network that drains principally into the paracervical 
lymph nodes; from there it goes to the external iliac (of which the obturator nodes are 
the innermost component) and the hypogastric lymph nodes (Fig. 45-1). The pelvic 
lymphatics drain into the common iliac and the periaortic lymph nodes. 

e Lymphatics from the fundus pass laterally across the broad ligament continuous with 
those of the ovary, ascending along the ovarian vessels into the periaortic lymph 
nodes. Some of the fundal lymphatics also drain into the external and internal 
common iliac lymph nodes. 


View Figure 


Fig. 45-1: Lymph vessels and lymph nodes of cervix and body of uterus. COMM, common; EXT, external. (From 
Henrikson E. The lymphatic spread of carcinoma of the cervix and of the body of the uterus: a study of 420 
necropsies. Am J Obstet Gynecol 1949;58:924—942, with permission.) 


Natural History and Patterns of Spread 


Squamous cell carcinoma of the uterine cervix usually originates at the squamous 
columnar junction (transformation zone) of the endocervical canal and the portio of 
the cervix. 

The lesion frequently is associated with severe dysplasia and carcinoma in situ, 
progressing to invasive carcinoma; this may take from 10 to 20 years. 

The malignant process breaks through the basement membrane of the epithelium 
and invades the cervical stroma. If the invasion is less than 3 mm (less than 7 mm on 
the surface), the lesion is classified as stage IA1; the probability of lymph node 
metastasis is 1% or less (4). 

Invasion may progress: In a modification of the International Federation of 
Gynecology and Obstetrics (FIGO) staging schema (22), a tumor is classified as 
stage IA2 invasive carcinoma if it is not grossly visible and has a depth of penetration 
of less than 5 mm and breadth of 7 mm or less. The incidence of metastatic pelvic 


lymph nodes is related to the depth of invasion, with an overall incidence of 5% to 
8%. 

e Growth of the lesion eventually may be manifested by superficial ulceration, exophytic 
tumor in the exocervix, or extensive infiltration of the endocervix. 

e The tumor may spread to the adjacent vaginal fornices or to the paracervical and 
parametrial tissues, with eventual direct invasion of the bladder, rectum, or both (if 
untreated). 

e Regional lymphatic or hematogenous spread frequently occurs, depending on the 
stage of the tumor. However, dissemination does not always follow an orderly 
sequence; occasionally a small carcinoma may produce distant metastasis or 
infiltrate the pelvic lymph nodes, bladder, or rectum. 

e The incidence of pelvic node metastasis is approximately 15% in stage IB, 25% to 
30% in stage IIB, and 50% in stage IIIB disease. The incidence of paraaortic node 
metastasis is approximately 5% in stage IB, 19% in stage IIB, and 30% in stage IIIB 
disease (37). 

e The most common metastatic sites are the lungs (21%), paraaortic nodes (11%), 
mediastinal and supraclavicular lymph nodes (7%), bones, and liver (12). 


Clinical Presentation 


e _Intraepithelial or early invasive carcinoma of the cervix can be detected by cytologic 
(Papanicolaou) smears before it becomes symptomatic. 

e One common, early manifestation is postcoital spotting, which may increase to limited 
metrorrhagia (intermenstrual bleeding) or more prominent menstrual bleeding 
(menorrhagia). If chronic bleeding occurs, the patient may complain of fatigue or 
other symptoms of anemia. 

e Vaginal discharge also is common. 

e Pain, usually in the pelvis or hypogastrium, may be caused by tumor necrosis or 
associated pelvic inflammatory disease. 

e Pain in the lumbosacral area suggests periaortic lymph node involvement with 
extension into the lumbosacral roots or hydronephrosis. 

e Urinary and rectal symptoms (hematuria, rectal bleeding) may occur in advanced 
stages. 


Screening and Diagnostic Workup 


e The American Cancer Society has recommended that asymptomatic women 20 years 
of age and older and those under 20 who are sexually active have a Papanicolaou 
smear annually for 2 consecutive years, then at least one every 3 years until the age 
of 65. The American College of Obstetricians and Gynecologists has strongly 
recommended that the practice of obtaining Papanicolaou smears annually be 
continued. The technique for obtaining the Papanicolaou smear is described in 
standard textbooks (51). 

e Every patient with invasive carcinoma of the cervix should be jointly evaluated by 
radiation and gynecologic oncologists. 

e After a general physical examination, with special attention to the supraclavicular 
(nodal) areas, abdomen, and liver, a careful pelvic examination should be carried out, 
including bimanual palpation of the pelvis. 

e Colposcopy may adequately evaluate the exocervix and a portion of the endocervix 
adjacent to the transition of the squamous and columnar epithelium (T zone). 

e Conization must be performed when no gross lesion of the cervix is noted, when an 
endocervical tumor is suspected, when diagnosis of microinvasive carcinoma is made 
on biopsy, or if the patient is not reliable for continuous follow-up. 

e When a gross lesion of the cervix is present, multiple punch biopsies should be 
obtained from the margin of any suspicious area as well as in all four quadrants of the 
cervix and from any suspicious areas in the vagina. 


e Fractional curettage of the endocervical canal and the endometrium is recommended 
at the time of initial evaluation or, if the patient is treated with irradiation, during the 
first intracavitary radioisotope insertion. 

e For invasive carcinoma, patients should have complete peripheral blood evaluation, 
including hemogram, white blood cell count, differential, and platelet count; 
Sequential Multiple Analysis—twelve-channel biochemical profile, with particular 
attention to blood urea nitrogen, creatinine, and uric acid; liver function values; and 
urinalysis. 

e Cystoscopy or rectosigmoidoscopy should be performed in all patients with stage IIB, 
Ill, and IVA disease, and possibly in those with earlier stages who have a history of 
urinary or lower gastrointestinal tract disturbances. 

e Chest radiograph and intravenous pyelogram (IVP) should be obtained in all patients 
for staging. Computed tomography (CT) scan with contrast frequently replaces IVP. 

e Abarium enema study should be performed in patients with stage IIB, III, and IVA 
disease, as well as in those with earlier stages who have symptoms referable to the 
colon and rectum. 

e The diagnostic procedures for carcinoma of the cervix are presented in Table 45-1. 


Table 45-1: Diagnostic workup for carcinoma of the uterine cervix 


General 
History 
Physical examination, including bimanual pelvic and rectal examinations 
Diagnostic procedures 
Cytologic smears (Papanicolaou), if not bleeding 
Colposcopy 
Conization (subclinical tumor) 
Punch biopsies (edge of gross tumor, four quadrants) 
Dilatation and curettage 
Cytoscopy and rectosigmoidoscopy (stages IIB, III, and IVA) 
Radiographic studies 
Standard 
Chest radiography 
Intravenous pyelography 


Barium enema (stages III and IVA and earlier stages if there are symptoms referable to 
colon or rectum) 


Complementary 
Lymphangiography 
Computed tomography or magnetic resonance imaging 
Laboratory studies 
Complete blood cell count 
Blood chemistry 
Urinalysis 


From Perez CA. Uterine cervix. In: Perez CA, Brady LW, eds. Principles and practice of 
radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:1733-1834, with 
permisison. 


Staging 


It is imperative that the gynecologic and radiation oncologist jointly stage the tumor in 
every patient, with bimanual pelvic and rectal examination under general anesthesia. 
Ideally, staging should be done before institution of therapy; however, final staging 
occasionally is postponed after initial evaluation (because of logistic and economic 
reasons) until the time of a radical hysterectomy or the first intracavitary radioisotope 
insertion, which should be done within 2 weeks from initiation of the external 
irradiation if the patient is treated with this modality. 

The FIGO staging recommendations were last revised in 1995. Stage IB (Tib) 
includes all invasive tumors limited to the cervix that are larger than IA2. Stage Tlb 
occult is no longer used. Stage IB lesions (confined to the cervix) were subdivided 
into IB1 clinical lesions (£4 cm in size) and IB2 lesions (>4 cm in size). There were no 
changes in the other stages, including the 1987 definitions of stages IA, IA1, and IA2 
(49). 

A parallel tumor-node-metastasis staging system has been proposed by the 
American Joint Committee on Cancer (14). The current criteria for the various stages 
are defined in Table 45-2. 

All histologic types should be included. 

When there is a disagreement regarding the staging, the earlier stage should be 
selected for statistical purposes. 

The FIGO staging system is based on clinical evaluation (inspection, palpation, 
colposcopy), roentgenographic examination of the chest, kidneys, and skeleton, and 
endocervical curettage and biopsy. 

Lymphangiogram, arteriogram, CT, and laparoscopy or laparotomy findings should 
not be used for clinical staging. 

Suspected invasion of the bladder or rectum should be confirmed by biopsy for 
staging purposes. 


Surgical Staging 


Some gynecologists have advocated the use of pretherapy laparotomy, particularly to 
evaluate the presence of paraaortic lymph nodes. 
No significant impact of surgical staging on overall survival has been reported (33). 


Table 45-2: Staging of carcinoma of the uterine cervix 
AJCC | FIGO 
Primary tumor (T) 


TX 


T1b2 
T2 


Primary tumor cannot be assessed 
No evidence of primary tumor 
Carcinoma in situ 


| Cervical carcinoma confined to uterus (extension to corpus should be 
disregarded) 


IA Preclinical invasive carcinoma, diagnosed by microscopy only* 


Measured stromal invasion =3 mm in depth and <7 mm in horizontal 
IA1 spread 


Measured stromal invasion >3 mm and not >5 mm with a horizontal spread 
IA2 of =7 mm 


IB (Clinically visible lesion confined to the cervix or microscopic lesion greater 
than T1a/IA2 
Clinically visible lesion 24 cm in greatest dimension 


Clinically visible lesion >4 cm in greatest dimension 


II Cervical carcinoma invades bevond uterus but not to the pelvic wall or to 


the lower third of vagina 
T2a IIA Tumor without parametrial invasion 
T2b IIB Tumor with parametrial invasion 


73 Il Tumor extends to the pelvic wall, and/or involves the lower third of the 
vagina, and/or causes hydronephrosis or nonfunctioning kidney 


T3a IIIA [Tumor involves lower third of the vagina, no extension to pelvic wall 
T3b IIIB [Tumor extends to pelvic wall and/or causes hydronephrosis or 
nonfunctioning kidney 
T4° IVA |Tumor invades mucosa of the bladder or rectum, and/or extends beyond 
the true pelvis 
M1 IVB Distant metastasis 


Regional lymph nodes (N) 


Regional lymph nodes include paracervical, parametrial, hypogastric (obturator), common, 
internal and external iliac, presacral, and sacral 


NX Regional lymph nodes cannot be assessed 

‘NO No regional lymph node metastasis 

N1 Regional lymph node metastasis 

Distant metastasis (M) 

MX Presence of distant metastasis cannot be assessed 
IMO No distant metastasis 

M1 Distant metastasis 


AJCC, American Joint Committee on Cancer; FIGO, International Federation of 
Gynecologists and Oncologists. 


“All macroscopically visible lesions—even with superficial invasion—are T1b/IB. Stromal 
invasion with a maximal depth of 5mm measured from the base of the epithelium and a 
horizontal spread of 7 mm or less. Vascular space involvement, venous or lymphatic, does 
not affect classification. 


"Bullous edema is not sufficient to classify a tumor as T4. 


From Fleming ID, Cooper JS, Henson DE, et al., eds. AJCC cancer staging manual, 5th ed. 
Philadelphia: Lippincott-Raven, 1997:189-194, with permission. 


Pathologic Classification 


e Over 90% of tumors of the cervix are squamous cell carcinoma. Approximately 7% to 
10% are classified as adenocarcinoma, and 1% to 2% are clear cell, mesonephric 
type. 

e Verrucous carcinoma is a variant of a very well differentiated squamous cell 
carcinoma that has a tendency to recur locally but not to metastasize. 

e Adenosquamous carcinoma is relatively rare (2% to 5% of all cervical carcinomas) 
and consists of intermingled epithelial cell cores and glandular structures. 

e Adenoid cystic carcinoma is a rare neoplasm of the cervix (less than 1% incidence) 
with an appearance similar to its counterparts in the salivary gland or bronchial tree. 

e Glassy cell carcinoma is considered a poorly differentiated adenosquamous tumor 
with a distinctive histologic appearance. Survival is poor after surgery or irradiation. 

e Small cell carcinoma of the cervix, according to some authors, arises from 
endocervical argyrophil cells or their precursors, multipotential neuroendocrine cells; 


one-third to one-half stain positively for neuroendocrine markers such as 
chromogranin, serotonin, or somatostatin. Lymphatic and vascular invasion are 
substantially more common in small cell carcinoma. 

e Basaloid carcinoma (or adenoid-basal carcinoma), an extremely uncommon tumor, is 
characterized by nests or cords of small basaloid cells. 

e Primary sarcomas of the cervix (leiomyosarcoma, rhabdomyosarcoma, stromal 
sarcoma, carcinosarcoma) have been described occasionally. 

e Malignant lymphomas, primary or secondary in the cervix, have been reported 
sporadically. They behave (and should be treated) as other lymphomas. 


Prognostic Factors 


e According to some reports, prognosis is the same in younger and older patients (2); 
others have noted decreased survival in women under 35 (42) or 40 years (9), who 
have a higher frequency of poorly differentiated tumors. 

e Several authors have observed a correlation between race or socioeconomic 
characteristics and outcome of therapy (8). 

e In addition to stage and tumor volume, histologic type of the lesion and vascular or 
lymphatic invasion are important prognostic factors. 

e Most reports have shown no significant correlation between survival or tumor 
behavior and the degree of differentiation of squamous cell carcinoma or 
adenocarcinoma of the cervix (19). 

e In a study of women treated with radical hysterectomy, the 5-year disease-free 
survival rate was 90% in 181 patients with stage IB1 disease (s4 cm) and 72.8% in 
48 patients with stage IB2 disease (p = .02) (13). 

e Delgado et al. (10) described 3-year disease-free survival rates of 94.8%, 88.1%, and 
67.6%, respectively, for occult, s3 cm, and greater than 3 cm stage | invasive 
squamous Cell carcinoma of the cervix treated with radical operation. 

e Eifel et al. (11) and Perez et al. (39) reported a close correlation between size of 
primary tumor, incidence of pelvic recurrences, and survival after irradiation. 

e Several retrospective studies have demonstrated decreased survival and a greater 
incidence of distant metastases in patients with endometrial extension of primary 
cervical carcinoma (endometrial stroma invasion or replacement of endometrium by 
tumor only) (37). 

e Tumors involving the uterosacral space or causing hydronephrosis above the level of 
the pelvic brim are associated with a higher incidence of local recurrence and distant 
metastasis (6,7). 

e Some authors have noted no significant difference in recurrence rates between 
patients with diploid or aneuploid tumors (52), whereas others have observed a less- 
favorable prognosis in tumors with a diploid or tetraploid DNA (45). 

e Alterations in either the expression or function of cellular genes that control cell 
growth and differentiation in cervical cancer show no clear-cut use as prognostic 
markers (51). 

e The c-myc oncogene is amplified from 3 to 30 times in approximately 20% of 
squamous Cell carcinomas. Overexpression of c-myc is associated with a worse 
clinical outcome (48). 

e Host factors (e.g., anemia) affect the prognosis of patients with cervical carcinoma. 

e A higher incidence of pelvic recurrences and complications in patients with arterial 
hypertension (diastolic pressure greater than 110 mm Hg) has been described. 

e Decreased survival has been reported in patients with oral temperature higher than 
100F (23). 


General Management 


e Controversy continues between those who advocate radical surgery and those who 
advocate radiation therapy for the treatment of early carcinoma of the uterine cervix; 
results are equivalent (27). 


The use of irradiation has declined; this may be related to earlier tumor detection 
because of greater awareness by physicians and patients, the widespread use of 
Papanicolaou smear screening, and greater use of surgery in the treatment of these 
patients. 

Treatment should involve close collaboration between the gynecologic oncologist and 
the radiation oncologist, with an integrated team approach vigorously pursued. 


Carcinoma /n Situ 


Patients with carcinoma in situ, which may include those with severe dysplasia, 
usually are treated with a total abdominal hysterectomy, with or without a small 
vaginal cuff. The decision to remove the ovaries depends on patient age and the 
status of the ovaries. 

When the patient wishes to have more children, carcinoma in situ may occasionally 
be treated conservatively with therapeutic conization, laser, or cryotherapy. 
Intracavitary irradiation (tandem and ovoids) may be useful for the treatment of in situ 
carcinoma (45 to 50 Gy to point A), particularly in patients with strong medical 
contraindications for surgery or when there is multifocal carcinoma in situ in both the 
cervix and vagina (18). 


Stage IA 


Early invasive carcinoma of the cervix (stage IA2) usually is treated with a total 
abdominal or modified radical hysterectomy, but it can be treated with intracavitary 
radioactive sources alone (6,500 to 8,000 mgh [56 to 70 Gy to point A, respectively] 
in one or two insertions). 

Because the incidence of lymph node metastasis is 1% or less, lymph node 
dissection or pelvic external irradiation is not warranted (48). 


Stages IB and IIA 


The choice of definitive irradiation or radical surgery for stage IB and IIA carcinoma of 
the cervix remains highly controversial, and the preference of one procedure over the 
other depends on the general condition of the patient and the characteristics of the 
lesion. 

Tumor control and survival are equivalent with either modality (10,27,51). 

No difference in tumor control or survival has been observed in adenocarcinomas 
versus epidermoid carcinomas when results are normalized for tumor volume (19). 
Because of the predilection for endocervical involvement in adenocarcinoma, a 
combination of irradiation and conservative hysterectomy has been advocated by 
some authors (46), although results are comparable with irradiation alone (19). 

Bulky endocervical tumors and the so-called barrel-shaped cervix have a higher 
incidence of central recurrence, pelvic and periaortic lymph node metastasis, and 
distant dissemination (15,55). A randomized study showed equivalent survival in 
patients treated with irradiation alone or combined with an extrafascial hysterectomy 
(24). Because of the inability of intracavitary sources to encompass all of the tumor in 
a high-dose volume, higher doses of external irradiation to the whole pelvis or 
extrafascial hysterectomy or both have been advocated (40,55). 

Frequently used preoperative doses are 20 to 45 Gy to the whole pelvis, additional 
parametrial dose with midline shielding to complete 50 Gy, and one intracavitary 
insertion for 5,500 mgh, delivering approximately 50 Gy to point A (70 Gy total). This 
is followed by extrafascial hysterectomy 4 to 6 weeks later. 

Higher doses of irradiation alone (85 to 90 Gy to point A) yield equivalent pelvic tumor 
control and survival in patients with tumors larger than 4 cm (27,40,55). 

Irradiation, either alone or in combination with chemotherapy, is valuable in the 
adjuvant treatment of squamous cell carcinoma of the cervix after radical 
hysterectomy (41,47). 


Stages IIB, Ill, and IVA 


e Patients with stage IIB and III tumors are treated with irradiation alone. 

e Patients with stage IVA disease (bladder or rectal invasion) can be treated either with 
pelvic exenteration, or with high doses of external irradiation to the whole pelvis, 
intracavitary insertions, and additional parametrial irradiation. 

e Concomitant use of irradiation and cytotoxic agents (hydroxyurea, cisplatin, and 5- 
fluorouracil [5-FU], in some trials combined with mitomycin-C) has been administered 
to obtain a radiosensitizing effect (54). Several recent randomized trials have shown 
improved outcome with concomitant irradiation and chemotherapy compared with 


irradiation alone (25,30,41,44). 


Small Cell Carcinoma of the Cervix 


e At Washington University, St. Louis, MO, small cell carcinoma of the cervix is treated 
with the same irradiation techniques as outlined for other histologic varieties of 
cervical carcinoma, in combination with multiagent chemotherapy. 

e The most frequently prescribed drugs are cyclophosphamide (1,000 mg per m°), 
doxorubicin (Adriamycin) (50 mg per m’), and vincristine sulfate (1 mg per mô) given 
every 3 or 4 weeks. Etoposide (VP16) is being incorporated more frequently into 
some regimens (31). 

e Depending on age and tolerance to therapy, irradiation doses may be decreased by 
approximately 10%. 


Postoperative Radiation Therapy after Radical Hysterectomy 


e At Washington University, St. Louis, MO, patients who have undergone radical 
hysterectomy with no preoperative irradiation are considered for postoperative 
radiation therapy if they have high-risk prognostic factors, e.g., positive pelvic lymph 
nodes, or, if they have negative nodes, microscopic positive or close (less than 3 mm) 
margins of resection, deep stromal invasion, or vascular/lymphatic permeation. These 
patients have intermediate risk of failure (10). 

e More than one-third of patients who have recurrences present with extrapelvic 
disease. 

e In patients receiving postoperative irradiation, extreme care should be exercised in 
designing treatment techniques (including intracavitary insertions); because of the 
surgical extirpation of the uterus, the bladder and rectosigmoid may be closer to the 
radioactive sources than in the patient with an intact uterus. Furthermore, vascular 
supply may be affected by the surgical procedure, and adhesions can prevent 
mobilization of the small bowel loops that occasionally may be fixed in the pelvis. 

e When metastatic pelvic lymph nodes are present, treatment consists of 50 Gy to the 
whole pelvis delivered with four-field technique. Patients with positive common iliac or 
paraaortic node metastases should receive 50 Gy to the periaortic region as well. 

e İn patients not irradiated preoperatively and for whom postoperative irradiation is 
indicated for deep stromal invasion in the cervix or close or positive surgical margins, 
external irradiation is administered (20 Gy to whole pelvis and 30 Gy to parametria 
with a small midline block) in combination with a low dose rate (LDR) intracavitary 
insertion for 65 Gy to the vaginal mucosa (approximately 1,800 mgh) with two 
colpostats. With high dose rate (HDR) brachytherapy, three insertions of 6 to 7 Gy at 
0.5 cm yield the same results. Alternatively, external irradiation alone (50 Gy to the 
midplane of the pelvis) has been used at some institutions. 

e One randomized study showed a lower incidence of pelvic failures and better 
disease-free survival in patients given postoperative irradiation compared with those 
treated with surgery alone (47). 


Carcinoma of the Cervix Inadvertently Treated with a Simple Hysterectomy 


e Occasionally, because of inadequate preoperative workup, a simple or total 
abdominal hysterectomy is performed, and invasive carcinoma of the cervix is 
incidentally found in the surgical specimen. This procedure is not curative because 
the paravaginal or paracervical soft tissues and vaginal cuff are not removed. 

e When the cervical margins are tumor-free in the total hysterectomy specimen and 
invasive carcinoma is found, an intracavitary insertion with vaginal colpostats to 
deliver a 60-Gy mucosal dose to the vault is sufficient. 

e Inpatients with microscopic residual tumor, therapy consists of 20 Gy to the whole 
pelvis and 30 Gy to the parametria combined with an intracavitary insertion to the 
vaginal vault for a 60-Gy mucosal dose (LDR brachytherapy). 

e |f gross tumor is present in the vaginal vault, the dose to the whole pelvis should be 
40 Gy and the parametrial dose an additional 20 Gy. An intracavitary insertion should 
be performed as outlined previously (60-Gy mucosal dose, LDR). 

e If there is residual tumor, an interstitial implant should be carried out to increase the 
dose to this volume. 

e When HDR brachytherapy is used, three intracavitary insertions ranging from 5 to 7 
Gy at 0.5 cm depth frequently are administered. 


Radiation Therapy Techniques 


e External irradiation is used to treat the whole pelvis and parametria, including the 
common iliac and periaortic lymph nodes, while the central disease (cervix, vagina, 
and medial parametria) primarily is irradiated with intracavitary sources. 

e The guidelines for irradiation of carcinoma of the uterine cervix at Mallinckrodt 
Institute of Radiology, St. Louis, MO, are summarized in Table 45-3. 


External Beam Irradiation 


e External beam pelvic irradiation is delivered before intracavitary insertions in patients 
with (a) bulky cervical lesions, to improve the geometry of the intracavitary 
application; (b) exophytic, easily bleeding tumors; (c) tumors with necrosis or 
infection; and (d) parametrial involvement. 


Volume Treated 


e In treatment of invasive carcinoma of the uterine cervix, it is important to deliver 
adequate doses of irradiation to the pelvic lymph nodes. 

e Greer et al. (17) described intraoperative retroperitoneal measurements taken at the 
time of radical surgery. Both common iliac bifurcations were cephalad to the 
lumbosacral prominence in 87% of patients. Therefore, the superior border of the 
pelvic portal should be at the L4-5 interspace to include all of the external iliac and 
hypogastric lymph nodes. This margin must be extended to the L3-4 interspace if 
common iliac nodal coverage is indicated. The width of the pelvis at the level of the 
obturator fossae averaged 12.3 cm, and the distance between the femoral arteries at 
the level of the inguinal rings averaged 14.6 cm. Posterior extension of the cardinal 
ligaments in their attachment to the pelvic side wall was consistently posterior to the 
rectum and extended to the sacral hollow. The uterosacral ligaments also extended 
posteriorly to the sacrum. These anatomic landmarks must be kept in mind in the 
correct design of lateral pelvic portals. 

e For stage IB disease, anteroposterior and posteroanterior portals 15 cm x 15 cm at 
the surface (approximately 16.5 cm at isocenter) are sufficient. 

e For patients with stage IIA, IIB, Ill, and IVA carcinoma, somewhat larger portals (18 
cm x 15 cm at surface, 20.5 cm x 16.5 cm at isocenter) are required to cover all of 
the common iliac nodes, in addition to the cephalad half of the vagina (Fig. 45-2). 

e A2-cm margin lateral to the bony pelvis is adequate. 

e If there is no vaginal extension, the lower margin of the portal is at the inferior border 
of the obturator foramen. 


When there is vaginal involvement, the entire length of this organ should be treated 
down to the introitus. It is very important to identify the distal extension of the tumor at 
the time of simulation by placing a radiopaque clip or bead on the vaginal wall or 
inserting a small rod with a radiopaque marker in the vagina. In these patients the 
portals should be modified to cover the inguinal lymph nodes because of the 
increased probability of metastases (Fig. 45-3). 

The lateral portal anterior margin is placed at the cortex of the pubic symphysis and 
should cover the external iliac nodes; the posterior margin usually is designed to 
cover at least 50% of the rectum in stage IB tumors and should extend to the sacral 
hollow in patients with more advanced tumors (Fig. 45-4). 

Use of lateral fields allows a decrease in dose to the small bowel, but care must be 
taken to include structures of interest (17). 

When parametrial tumor persists after 50 to 60 Gy is delivered to the parametria, an 
additional 10 Gy in 5 or 6 fractions may be delivered with reduced anteroposterior- 
posteroanterior portals (8 cm x 12 cm for unilateral and 12 cm x 12 cm portals for 
bilateral parametrial coverage). The midline shield should be in place to protect the 
bladder and rectosigmoid. 

If periaortic node metastases are present or treated electively, patients receive 45 to 
50 Gy to the periaortic area plus a 5-Gy boost to enlarged lymph nodes through 
reduced lateral or rotational portals (1.8-Gy fractions). 

The periaortic lymph nodes are irradiated either with an extended field that includes 
both the periaortic nodes and the pelvis or through a separate portal (Fig. 45-5). In 
this case, a "gap calculation" between the pelvic and periaortic portals must be 
performed to avoid overlap and excessive dose to the small intestines. The upper 
margin of the field is at the T12-L1 interspace. The width of the periaortic portals (in 
general, 9 to 10 cm) can be determined by CT scans, lymphangiogram, or IVP 
outlining the ureters. 

The spinal cord dose (T12 to L2) should be kept below 45 Gy by interposing a 2-cm 
wide, 5 half-value layer shield on the posterior portal (usually after 38- to 40-Gy tumor 
dose). 

An effort should be made to minimize the relatively high incidence of complications 
noted after extended-field irradiation and laparotomy (33) and particularly following 
transperitoneal lymphadenectomy. 


Fig. 45-2: Anteroposterior simulation film 
of pelvis illustrates portals used for 
external irradiation. The 15 cm x 15cm 
portals at source to skin distance are 
used for stage IB (broken line), and 18 
cm x 15cm portals are used for more 
advanced disease (solid line). This 
allows better coverage of the common 
iliac lymph nodes. The distal margin is 
usually placed at the bottom of the 
obturator foramina. (From Perez CA. 
Uterine cervix. In: Perez CA, Brady LW, 
eds. Principles and practice of radiation 
oncology, 3rd ed. Philadelphia: 
Lippincott-Raven, 1998:1733-—1 834, with 
permission.) 
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Fig. 45-3: Lateral 
extension of pelvic 
portal to cover 
inguinal lymph 
nodes in a patient 
with tumor 
extension beyond 
the middle third of 
the vagina. (From 
Perez CA. Uterine 
cervix. In: Perez 
CA, Brady LW, eds. 
Principles and 
practice of radiation 
oncology, 3rd ed. 
Philadelphia: 
Lippincott-Raven, 
1998:1733-1834, 
with permission.) 


Fig. 45-4: Lateral 
portal for "box" 
irradiation of pelvis 
with low-energy 
photons. (From 
Perez CA, DiSaia 
PJ, Knapp RC, et 
al. Gynecologic 
tumors. In: DeVita 
V, Hellman S, 
Rosenberg SA, 
eds. Cancer: 
principles and 
practice of 
oncology, 2nd ed. 
Philadelphia: JB 
Lippincott, 1985, 
with permission.) 


. 
G 


Fig. 45-5: Simulation film of extended field for external irradiation of pelvic and periaortic lymph nodes. (From 
Perez CA. Uterine cervix. In: Perez CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. 
Philadelphia: Lippincott-Raven, 1998: 1733—1834, with permission.) 


Beam Energies 


e High-energy photon beams (210 MV) are especially suited for this treatment. 

e With lower-energy photons (cobalt 60 or 4- to 6-MV x-rays), higher maximum doses 
and more complicated field arrangements must be used to achieve the same 
midplane tumor dose (four-field pelvic box or rotational techniques) while minimizing 
the dose to the bladder and rectum, as well as to avoid subcutaneous fibrosis. 

e The presence of a metallic prosthesis when lateral fields or a box pelvic irradiation 
technique is used may result in a decrease of approximately 2% for 25-MV x-rays and 
average increases of 2% for 10-MV x-rays and 5% for cobalt 60 (3). 


Brachytherapy 


e Although several isotopes are available, cesium 137 (Cs) is the most popular for 
LDR brachytherapy and iridium 192 for HDR treatment. 

e Brachytherapy can be delivered with intracavitary techniques using a variety of 
applicators, which consist of an intrauterine tandem and vaginal colpostats. 


Alternatively, vaginal cylinders (the majority of which are afterloading) may be used 
when necessary. 

e Radiographs are always obtained using dummy sources; the active sources can be 
inserted after the films have been reviewed and the position of the applicator is 
judged to be satisfactory. 

e The vaginal packing is soaked in 40% iodinated contrast material to identify it on 
radiographs. 

e In general, an intrauterine tandem with three or four "Cs sources (15 or 20-10-10- 
[10] mCi RaEq with LDR) is inserted in the uterus, and two colpostats (2 cm in 
diameter, loaded with 20-mCi RaEq LDR sources) are placed in the vaginal vault and 
packed with iodoformed gauze, to deliver 0.6 to 0.8 Gy per hour to point A. 

e Ifthe vaginal vault is narrow, it may be impossible to insert regular-sized colpostats; 
in this case miniovoids (usually loaded with 10-mCi RaEq sources) or a tandem with 
a vaginal source added, should be used. A protruding source in the vaginal vault is 
inserted in the afterloading tandem (usually 20 to 30 mCi RaEq) with an overlying 
plastic sleeve (3 cm in diameter). 

e The approximate doses per mgh at the surface, midlateral wall of a Fletcher-Suit 
ovoid are 9.9 cGy for 1.6 cm (miniovoids), 6.3 cGy for 2 cm (regular ovoid), 4.3 cGy 
for 2.5 cm (plastic cap on ovoid), or 3.2 cGy for 3 cm (plastic cap on ovoid). 

e Computer-generated isodose curves provide the best means of determining the 
doses to point A, point B, bladder, and rectum. 

e The International Commission on Radiation Units and Measurements Report No. 38 
(21) defines the dose and volume specifications for reporting intracavitary therapy in 
gynecologic procedures. 

e At Washington University, St. Louis, MO, the first intracavitary insertion is scheduled 
after 10 to 20 Gy of external irradiation if an adequate geometry exists in the pelvis. 
Otherwise, 30 to 40 Gy is delivered before the first application to decrease the size of 
the lesion and improve the relationship of the applicators to the cervix and vagina. 

e The second application is performed 1 to 2 weeks later; in the meantime, daily 
external pelvic therapy is continued. 

e At many institutions, it is preferred to deliver higher doses of whole-pelvis external 
irradiation (usually 40 to 45 Gy) with an additional parametrial dose (with midline 5 
half-value layer rectangular block) to complete 50 Gy in patients with stage IB and IIA 
tumors and 55 to 60 Gy in patients with stage IIB, Ill, or IVA tumors. This usually is 
combined with one or two LDR intracavitary insertions for approximately 4,500 to 
5,500 mgh (40 to 50 Gy to point A). 

e It is important to integrate the whole-pelvis and brachytherapy doses in prescribing 
total dose to point A. 

e Interstitial implants with radium 226, '°’Cs needles, or iridium 192 afterloading plastic 
catheters to limited tumor volumes are helpful in specific clinical situations (localized 
residual tumor, parametrial extension, etc.). 

e There is increasing use of HDR sources in brachytherapy of carcinoma of the cervix. 
Basic principles of brachytherapy are similar to those of LDR; source strength, dose 
rate, and doses are adjusted based on biologic principles (32). 

e With HDR brachytherapy the dose to point A (Gy), in general, is approximately 0.5 to 
0.6 of the LDR dose (34). A frequently used dose per fraction is 5.0 to 7.5 Gy, 4 to 8 
fractions, depending on the whole-pelvis dose. 

e See Chapter 10 for further technical details. 


Table 45-3: Carcinoma of the uterine cervix: Mallinckrodt Institute of Radiology 
guidelines for treatment with irradiation 


External irradiation LDR 
(Gy)? Brachytherapy 
Additional Dose | Total 
parametrial Two to dose 
Tumor Whole | dose (midline | | insertions | point to 


staae Tumor extent pelvis shield) (mah) A point 


(Gy)? | A (Gy) | 


IA 0 0 6,500- 70 60-70 
| | (8,000 | 
IB Superficial ulceration; <2 |0 45 8,000 70 70 


(small) |cm in diameter or 
involving fewer than two 


quadrants | | | 
IB (2—4 |Four-quadrant 10 40 7,000 65-70 (75-80 
cm) involvement; no 

endocervical expansion | 
IIA, IIB |Non-barrel-shaped type |20 30 8,000 65-70 85-90 | 
IB-IIA Barrel-shaped cervix; 20 30 8,000 70 85-95 
(bulky),° parametrial extension 
IIB, IIIA | | | | 
IIIB Parametrial involvement |20 40 8,000 70 85-95 | 
IIB, IIIB, (Poor pelvic anatomy; 40 20 6,500 50-55 90-95 | 
IV patients not readily 


treated with intracavitary 
insertions (barrel-shaped 
cervix not regressing; 
inability to locate 
external os) 


LDR, low dose rate. 


Note: In patients over 65 years or with history of previous pelvic inflammatory disease or 
pelvic surgery, reduce doses by 10%. 


“1.8 Gy per day, 5 weekly fractions, using 15-MV or higher photon beams; two portals treated 
daily. 


°0.6-0.8 Gy per hour at point A. 


“In stage IB and IIA, if complete regression is not obtained, perform extrafascial conservative 
hysterectomy [reduce brachytherapy dose to 6,000 mgh (55 Gy)]. 


From Perez CA. Uterine cervix. In: Perez CA, Brady LW, eds. Principles and practice of 
radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:1733-1834, with 
permission. 


Sequelae of Radiation Therapy 
Acute Irradiation Sequelae 


e Acute gastrointestinal side effects of pelvic irradiation include diarrhea, abdominal 
cramping, rectal discomfort, and occasionally, rectal bleeding, which may be caused 
by transient enteroproctitis. 

e Diarrhea and abdominal cramping can be controlled with diphenoxylate 
hydrochloride/atropine sulfate (Lomotil), loperamide hydrochloride (Imodium), or 
opium preparations such as paregoric and emollients such as kaolin and pectin. 

e Proctitis and rectal discomfort can be alleviated by small enemas with hydrocortisone 
(e.g., Proctofoam, Cortifoam) and antiinflammatory suppositories containing bismuth 
subsalicylate, benzyl benzoate, zinc oxide, or Peruvian balsam (Anusol, Medicone, 


Rowasa, Wyanoids). Some suppositories contain cortisone. Small enemas with cod 
liver oil also are effective. 

e A low-residue diet with no grease or spices, and increased fiber in the stool, achieved 
through the use of preparations such as Metamucil and Fibercon, usually help to 
decrease gastrointestinal symptoms. 

e Genitourinary symptoms, secondary to cystourethritis, are dysuria, frequency, and 
nocturia. The urine is usually clear, although there may be microscopic or even gross 
hematuria. 

e Methenamine mandelate (Mandelamine), an antispasmodic such as phenazopyridine 
hydrochloride (Pyridium), a smooth muscle antispasmodic such as flavoxate 
hydrochloride (Urispas), or hyoscyamine sulfate (Cystospaz-M) can relieve 
symptoms. 

e Fluid intake should be at least 2,000 to 2,500 mL daily. 

e Urinary tract infections may occur; diagnosis should be established with appropriate 
urine culture studies, including sensitivity to sulfonamides and antibiotics. Therapy 
should be promptly instituted. 

e Erythema and dry or moist desquamation may develop in the perineum or intergluteal 
fold. Proper skin hygiene and topical application of Vaseline, Aquaphor, or lanolin 
should relieve these symptoms. U.S.P. zinc oxide ointment (or Desitin) and intensive 
skin care may be needed for severe cases. 

e Management of acute radiation vaginitis includes douching every day (or at least 
three times weekly) with a 1 to 5 mixture of hydrogen peroxide and water. Douching 
should be continued on a weekly basis until the mucositis has resolved. 

e Superficial ulceration of the vagina responds to topical (intravaginal) estrogen 
creams; low-dose systemic estrogen administration does not stimulate epithelial 
maturation 1 year or longer after irradiation for cervical cancer. More severe necrosis 
may require débridement on a weekly basis until healing takes place. Judicious use 
of biopsies is recommended to rule out persistent or recurrent cancer. 

e Use of a vaginal dilator several times daily is required to prevent vaginal stenosis. 


Late Irradiation Sequelae 


e Late irradiation sequelae are closely related to total doses given to the pelvic organs. 

e Maximum irradiation doses tolerated by limited volumes are 75 Gy for the rectum and 
80 Gy for the urinary bladder when LDR brachytherapy is used. 

e With HDR treatment, significantly lower dose limits must be observed because of the 
biologic equivalent dose. 

e The incidence of major late sequelae of radiation therapy is approximately 1% to 2% 
rectovaginal or vesicovaginal fistula and 3% to 5% proctitis or cystitis for stage I-IIA, 
and 10% and 15% for stage IIB-III (37). 

e Injury to the gastrointestinal tract usually appears within the first 2 years after 
radiation therapy; complications of the urinary tract more frequently are seen 3 to 4 
years after treatment. 

e Irradiation of the paraaortic lymph nodes has been reported to cause increased 
morbidity, particularly if it is done after staging transperitoneal paraaortic 
lymphadenectomy (51). 

e The risk of severe hematuria requiring surgical intervention was reported to be 1.4% 
at 10 years and 2.3% at 20 years (28). Cystoscopy, laser, or cautery treatment of 
bleeding points is indicated. Clot evacuation and continuous bladder irrigation are 
important in the acute management of patients with heavy bleeding. A urinary 
diversion occasionally is required for intractable severe hematuria; durable cessation 
of hematuria is frequently observed with hyperbaric oxygen. 

e At 20 years, ureteral stricture was observed in 2.5% of 1,784 patients with stage IB 
carcinoma of the cervix treated with irradiation; in 5 patients it was complicated by a 
vesicovaginal fistula (29). 

e Parkin et al. (85) reported a 26% incidence of severe urinary symptoms (urgency, 
incontinence, and frequency) in patients treated with irradiation alone. 

e Vaginal stenosis is associated with dyspareunia in 31% of women treated for 
carcinoma of the cervix and 44% of those treated for endometrial carcinoma (5). 


e Anal incontinence occasionally is observed (37). 

e In 207 patients with gynecologic tumors who received pelvic irradiation to the inguinal 
areas (including the hips), ten (4.8%) developed femoral neck fractures; four were 
bilateral (20). The cumulative actuarial incidence of fracture was 11% at 5 years and 
15% at 10 years. Most of the fractures occurred in patients receiving 45 to 63 Gy. 

e Although extremely rare, lumbosacral plexopathy has occasionally been reported in 
patients treated for pelvic tumors with doses of 60.0 to 67.5 Gy (1); this syndrome 
was observed in 4 of 2,410 patients with cervical or endometrial carcinoma when the 
lumbosacral plexus received total doses of 70 to 79 Gy (16). 


Chemotherapy 


e Steel and Peckham (50) postulated the biologic basis of cancer therapy as (a) spatial 
cooperation, in which an agent is active against tumor cells spatially missed by 
another agent; (b) addition of antitumor effects by two or more agents; and (c) 
nonoverlapping toxicity and protection of normal tissues. 

e The classic modalities used in the management of patients with cancer of the cervix 
are surgery and irradiation; chemotherapy may be used for treatment of 
micrometastasis (adjuvant therapy) or in patients with extensive tumors (definitive) or 
for disseminated disease (palliative). 


Randomized Studies 


e Results from several cooperative oncology groups demonstrate that cisplatin-based 
chemotherapy, when given concurrently with radiation therapy, prolongs survival in 
women with locally advanced cervical cancers, as well as in women with stage I-IIA 
disease who have metastatic disease in the pelvic lymph nodes, positive parametrial 
disease, or positive surgical margins at the time of primary surgery (E. L. Trimble, 
personal communication, 1999). 

e In Gynecology Oncology Group (GOG) randomized protocol No. 85, patients with 
carcinoma of the cervix with clinical stage IIB, III, and IVA disease and negative 
paraaortic nodes were treated with external pelvic irradiation (51 Gy) combined with 
30 Gy to point A with intracavitary brachytherapy (56): 177 patients received 5-FU 
(i.v. infusion, 1 g per m? for 4 days) and cisplatin (50 mg per m° i.v. on days 1, 29, 
and 30 to 33), and 191 received hydroxyurea (80 mg per kg p.o. twice weekly). The 
5-year survival rate in the cisplatin/5-FU arm was 60%, compared with 47% for 
women in the hydroxyurea arm (p = .03). 

e GOG protocol 120 for the same patient population compared irradiation plus 
hydroxyurea versus irradiation plus weekly cisplatin versus irradiation plus 
hydroxyurea, cisplatin, and 5-FU (44). In 526 patients, the 4-year survival rate in both 
the weekly cisplatin and irradiation arm and the irradiation, 5-FU, cisplatin, and 
hydroxyurea arm was 69%, compared with 37% in the hydroxyurea and irradiation 
arm (p <.001). Hematologic toxicity was greater in the group treated with the three 
drugs compared with cisplatin or hydroxyurea alone. 

e In Radiation Therapy Oncology Group study 90-01, 388 patients with stage IB-IIA 
disease larger than 5 cm, positive pelvic lymph nodes, or stage IIB to IVA carcinoma 
of the cervix were treated with either pelvic and paraaortic irradiation or pelvic 
irradiation and three cycles of concomitant chemotherapy with cisplatin (75 mg per 
mô) and 4-day infusion of 5-FU (1,000 mg per m° per day) (8). The 5-year overall 
survival rate for women on the irradiation and cisplatin/5-FU arm was 73%, compared 
with 58% for women on the irradiation-only arm (p = .004). Disease-free survival was 
67% and 40%, respectively (p = .001). There were no significant differences in late 
complications in the treatment groups (31). 

e Southwest Oncology Group 8797, a study for women with FIGO stage IA2, IB, or IIA 
carcinoma of the cervix with metastatic disease in the pelvic lymph nodes, positive 
parametrial involvement, or positive surgical margins at the time of primary radical 
hysterectomy with total pelvic lymphadenectomy, randomized 127 patients to be 
treated with pelvic external-beam irradiation with 5-FU infusion and cisplatin, and 116 
to be treated with pelvic external-beam irradiation alone (38). The 3-year survival rate 


for women on the adjuvant cisplatin/5-FU and irradiation arm was 87%, compared 
with 77% for women on the pelvic irradiation arm. The difference is statistically 
significant. 

e The Austrian Gynecologic Oncology Group conducted a randomized study of 76 
patients with high-risk stage IB to IIB carcinoma of the cervix after radical 
hysterectomy and pelvic lymph node dissection (26). Patients were divided into three 
groups: One group received adjuvant carboplatin (400 mg per mî) and bleomycin 
sulfate (30 mg), six courses at 4-week intervals; one group received pelvic irradiation 
(50 Gy); and one group received no further treatment. No difference in any outcome 
parameter was observed. 

e In a Canadian randomized study in which 127 patients with stage IB, IIA greater than 
5 cm, or IIB carcinoma of the cervix were randomized to be treated with cisplatin (40 
mg per m? weekly) and radiation therapy and 126 patients were treated with radiation 
therapy alone, Pearcey et al. (36) reported a 1-year pelvic tumor control rate of 83% 
in the combined-therapy arm versus 78% in the irradiation-alone arm (p = .37). The 
corresponding 5-year survival rates were 59% and 56% (p = .43). There was a 
somewhat greater incidence of significant late morbidity in the irradiation-alone group 
(12% versus 6%, p = .08). 

e In GOG 123, 183 women with bulky (24 cm) stage IB carcinoma of the cervix with 
radiographically or surgically determined negative pelvic and paraaortic nodes were 
randomized to be treated with pelvic external-beam and intracavitary irradiation 
followed by extrafascial hysterectomy, and 186 received external-beam (pelvic) and 
intracavitary radiation therapy with weekly cisplatin (40 mg per mĉ, total dose not to 
exceed 70 mg per week) followed by extrafascial hysterectomy (25). The 
progression-free survival rate for women treated with irradiation with cisplatin 
chemotherapy was 79%, compared with 63% for those treated with irradiation alone 
(p <.001). The overall 3-year survival rates were 83% and 74%, respectively (p = 
.0008). 

e Continued clinical research is necessary to identify further improvements in radiation 
therapy and chemotherapy for women with locally advanced cervical carcinoma. 


Carcinoma of the Cervix and Pregnancy 


e The concurrent presence of carcinoma in situ or invasive carcinoma of the uterine 
cervix and pregnancy, although rare, poses a therapeutic dilemma. 

e In late pregnancy, if tumors are small, definitive therapy occasionally is postponed, 
and delivery is allowed before beginning treatment. 

e Because there is a greater need to institute therapy as soon as possible, the 
accepted method of treatment in patients in the first 6 months of pregnancy is to carry 
out definitive surgery or irradiation, as indicated by the stage of the disease (55). 

e Inthe third trimester of pregnancy when the fetus may be salvaged, a cesarean 
section, combined with a radical hysterectomy and lymphadenectomy or followed by 
definitive treatment postpartum, is preferred by some gynecologic oncologists. 
However, some authors report that vaginal delivery does not affect the prognosis 
deleteriously. 

e If a radical hysterectomy is performed and positive pelvic lymph nodes are found, the 
usual postoperative irradiation, including external beam with or without intracavitary 
insertion, should be carried out. 

e If it is decided to terminate the pregnancy and treat the patient with external 
irradiation, initially the whole pelvis is irradiated (40 Gy in 4 weeks). Usually an 
abortion will occur, and there will be some involution of the uterus. After this dose of 
irradiation, careful evacuation of the uterus and an intracavitary insertion may be 
performed under general anesthesia. 

e Two intracavitary insertions for a total of 6,500 mgh (55 Gy to point A) and an 
additional 10 or 20 Gy are delivered to the parametria with a midline block. If surgery 
is to be carried out, approximately 4,000 mgh is given. 

e The practice popularized 30 years ago of administering a "restraining dose of radium" 
and deferring definitive radiation therapy until delivery is carried out should be 
strongly condemned. Strauss (53) reported 2 of 11 infants born with microcephaly 


and other complications such as alopecia, facial deformity, eye damage, and 
chromosomal abnormalities after this procedure. 


Carcinoma of the Cervical Stump 


e Subtotal hysterectomy is rarely performed today on patients with carcinoma of the 
cervical stump. These patients are at risk of developing carcinoma of the uterine 
cervix. 

e It is important to divide carcinoma of the cervical stump into true (first symptom 
occurs =3 years after subtotal hysterectomy) or coincidental (symptoms are noticed 
before third postoperative year). Moss (82) recommended 2 elapsed years after 
hysterectomy as the time for the classification of these lesions. 

e The natural history of carcinoma of the cervical stump is similar to that of the cervix in 
the intact uterus. The diagnostic workup, clinical staging, and basic principles of 
therapy are also the same. 

e When surgery is performed for stage | tumors, it is somewhat more difficult because 
of the previous surgical procedures and the presence of adhesions in the pelvis. 

e When irradiation is administered, the lack of uterine cavity into which to insert a 
tandem containing two or three sources makes intracavitary therapy more difficult. As 
many sources as technically feasible should be inserted in the remaining cervical 
canal. 

e Occasionally, transvaginal irradiation may be used to boost the dose delivered to 
central disease in the stump. 

e It is important to deliver higher whole-pelvis irradiation doses. 

e Patients with stage | disease are treated with a combination of 20 Gy to the whole 
pelvis and 30 Gy to the parametria with midline shielding combined with two 
intracavitary insertions. The dose of intracavitary therapy depends on the number of 
sources that can be placed in the cervical canal (1,000 to 3,000 mgh for one to three 
sources). 

e More advanced stages should be treated with 40 Gy to the whole pelvis and 20 Gy to 
the parametria with midline shielding, combined with the same intracavitary doses. 

e When there is no opportunity to insert any sources in the cervical canal, the whole- 
pelvis dose must be increased to 60 Gy. 

e Total dose (external and intracavitary) to the upper vaginal mucosa should not 
exceed 150 Gy, and tolerance doses to small volumes of the bladder (80 Gy) or 
rectum (75 Gy) should be carefully monitored. 

e |f bulky disease is present in the cervix, parametrium, or vagina, additional interstitial 
therapy is advisable, if technically feasible. 

e When intravaginal cones are used, 30- to 40-Gy air dose is delivered in 2 to 3 weeks, 
in 3 to 5 weekly fractions. Moss (32) advised limiting the dose to the vaginal vault with 
transvaginal irradiation to 30 Gy in 10 days. 

e Because of the close proximity of the bladder, rectum, and small intestine to the 
intracavitary sources and owing to the often-higher doses of external-beam irradiation 
given to the whole pelvis, complications are more frequent than in carcinoma of the 
cervix with intact uterus (57). 
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Anatomy 


e The uterus, a hollow muscular organ in the middle of the pelvis, is divided into the 
corpus, body, and cervix. The most superior portion of the corpus is the fundus. 

e The uterine cavity is lined by endometrium, which is made of columnar cells. 

e The muscular layer (myometrium) is composed of smooth muscle fibers. 

e The peritoneum covers the uterus and forms the broad ligaments laterally. 


Epidemiology 


e Carcinoma of the endometrium is the most common gynecologic malignancy (1). 

e The incidence peaks in the 50- to 70-year age group; 75% of all cases occur in 
postmenopausal women (3). 

e Risk factors for development of endometrial cancer include unopposed estrogen 
exposure (polycystic ovary or Stein-Leventhal syndrome, obesity, nulliparity, 
exogenous estrogen, estrogen-secreting tumors of the ovaries), late menopause 
(greater than 52 years of age), tamoxifen use, previous pelvic irradiation, edematous 
hyperplasia, low parity, diabetes mellitus, and hypertension. 


Natural History 


e Most endometrial carcinomas are confined to the uterus at the time of diagnosis. 

e Tumors arising from the endometrium commonly spread into the myometrium and to 
contiguous areas. Carcinoma of the endometrium may extend directly to the cervix, 
vagina, parametrial tissue, bladder, or rectum. 

e Tumor grade and depth of invasion into the myometrium are important prognostic 
indicators. Deep myometrial invasion is more common with higher-grade tumors. 

e As tumor grade and depth of myometrial invasion increase, the risk of pelvic and 
paraaortic lymph node metastases also increases (Table 46-1). 

e Peritoneal seeding is common with endometrial cancer because an endometrial 
lesion may penetrate the uterine wall or seed transtubally. This is most common with 
papillary serous or clear cell histologies. 


e Hematogenous metastases are infrequent at presentation but are seen in end-stage 
patients. 


Table 46-1: Grade, depth of invasion, and metastases in endometrial carcinoma 
Grade I (n = 180) Grade Il (n = 288) Grade Ill (n = 153) 


Aortic Pelvic Aortic Pelvic Aortic Pelvic 
Depth of invasion | node (%) | node (%) | node (%) | node (%) | node (%) | node (%) 
Endometrium only (0 (0) 0 (0) 1 (3) 1 (3) 0 (0) 0 (0) 
(n = 86) | | 
Superficial (n = 1 (1) 3 (3) 5 (4) 7 (5) 2 (4) 5 (9) 
281) 
Middle (n = 115) 1 (5) 0 (0) 0 (0) 6 (9) 0 (0) 1 (4) 
Deep (n = 139) 1 (6) 2 (11) 8 (14) 11 (19) 15 (23) 22 (34) 


From Creasman WT, Morrow CP, Bundy BN, et al. Surgical pathologic spread patterns of 
endometrial cancer. Cancer 1987;60:2035, with permission. 


Clinical Presentation 


e The most common presenting symptom is vaginal bleeding, which is reported by 70% 
to 80% of patients. 

e Back pain and pressure symptoms caused by the enlarged uterus on bowel and 
bladder may occur. 

e Physical findings are usually minimal; blood in the vagina emanating from the cervical 
os is the most common finding. 


Diagnostic Workup 


e No satisfactory screening method is available for detecting endometrial carcinoma in 
symptomatic patients. 

e The Papanicolaou smear detects only approximately 40% of endometrial tumors. 

e Endometrial biopsy or aspiration curettage is indicated in postmenopausal women 
with vaginal bleeding or perimenopausal women with menstrual abnormalities, and 
obviates in most cases the need for dilation and curettage. 

e Fractional dilation and curettage and cervical biopsy are indicated when there is a 
high degree of suspicion of cancer and diagnosis cannot be made by endometrial 
biopsy or aspiration curettage. 

e Diagnostic studies routinely used in the clinical staging of patients with endometrial 
cancer vary with stage (Table 46-2). 

e Computed tomography of the pelvis and abdomen is recommended for all patients 
with high-grade tumors or with stage Il or higher disease to detect possible nodal or 
extrauterine spread of cancer. 

e Magnetic resonance imaging is not helpful in detecting nodal or peritoneal spread; 
however, it is useful in demonstrating the depth of myometrial invasion, with an 
accuracy of approximately 80%(3). 

e The tumor marker CA 125 is elevated in 59% of patients with advanced or recurrent 
endometrial carcinoma; however, the marker is not specific (11). 


Table 46-2: Diagnostic workup for endometrial cancer 
All stages 
History 


Physical examination, including pelvic examination 

Endometrial biopsy or aspiration curettage 

Fractional dilatation and curettage (if biopsy or aspiration does not reveal cancer) 
Chest radiograph 

Cervical biopsy 


Urinary imaging study in all patients before surgery (intravenous pyelogram, ultrasound, 
computed tomography) 


Complete blood cell count, urinalysis, blood chemistry 
Advanced disease or if symptoms warrant 

Cystoscopy 

Sigmoidoscopy 

Computed tomography scan or magnetic resonance imaging 

Intravenous pyelogram 

Barium enema 


Staging System 


e Endometrial carcinoma is most commonly surgically staged according to guidelines of 
the International Federation of Gynecology and Obstetrics (Table 46-3). 

e For inoperable patients, the International Federation of Gynecology and Obstetrics 
clinical staging system, which is based on bimanual pelvic examination under 
anesthesia and on the diagnostic procedures previously discussed, is recommended. 


Table 46-3: Pathologic International Federation of Gynecology and Obstetrics corpus 
cancer staging 


Stage | Grade Description 
IA G123 |Tumor limited to endometrium 

IB G123 |Invasion to <'/} myometrium 

IC G123 |Invasion >'/> myometrium 

IIA G123 |Endocervical glandular involvement only 

IIB G123 [Cervical stromal invasion 


IIIA G123 (Tumor invasion of serosa or adnexa or positive peritoneal cytology 
IIIB G123 (Vaginal metastases 

IIIC G123 (Metastases to pelvic or periaortic lymph nodes 

IVA G123 (Tumor invasion of bladder or bowel mucosa 

IVB — Distant metastases, including intraabdominal or inguinal lymph nodes 


From International Federation of Gynecology and Obstetrics. Classification and staging of 
malignant tumors in the female pelvis: annual report on the results of treatment in 
gynecological cancer. Int J Gynaecol Obstet 1989;28:189—193, with permission. 


Pathologic Classification 


e Endometrioid adenocarcinoma is the most common form of carcinoma of the 
endometrium, accounting for 75% to 80% of cases. 

e Endometrioid adenocarcinoma is divided into four subtypes: papillary, secretory, 
ciliated cells, and adenocarcinoma with squamous differentiation. 

e Various pathologic classifications of endometrial cancer are shown in Table 46-4. 

e Serous, clear cell, and pure squamous cell carcinomas are the most aggressive 
cancers arising from the endometrium. 


Table 46-4: Pathologic classification of endometrial cancer 
Endometrioid adenocarcinoma 

Papillary 

Secretory 

Ciliated cell 

Adenocarcinoma with squamous differentiation 
‘Mucinous carcinoma 

‘Serous carcinoma 

Clear cell carcinoma 

Squamous carcinoma 

Undifferentiated 

Mixed types 

Miscellaneous carcinomas 

Metastatic 


Prognostic Factors 


e The most significant prognostic factor is clinical or pathologic stage. 

e The histologic grade of the tumor and depth of myometrial invasion by the tumor have 
an impact on the incidence of lymph node involvement and on prognosis (5,7) (Table 
46-1). 

e The presence of lymphovascular involvement significantly increases the risk of tumor 
recurrence after surgery. 

e Age at time of diagnosis is an important prognostic factor. Older patients have a 
higher chance of myometrial involvement and advanced stage and a lower 5-year 
survival rate. 


General Management 


e Management guidelines for endometrial carcinoma are summarized in Table 46-5. 
Operable Stage | Endometrial Carcinoma 


e Total abdominal hysterectomy and bilateral salpingo-oophorectomy is the basic 
treatment for all patients with stage | endometrial carcinoma. 

e In all but grade | lesions, it is recommended that pelvic and periaortic lymph node 
sampling be performed at the time of surgical exploration. The incidence of nodal 
involvement in stage | patients with grade | histology is too low to make routine 
sampling of lymph nodes worthwhile. 

e Peritoneal washings are recommended for all patients at the time of surgery. 


The trend in the United States is primarily to operate on all patients with stage | 
disease, regardless of tumor grade, to adequately assess the extent of disease and 
allow radiation therapy to be tailored to the pathologic findings. 

In stage | patients with grade | tumors and less than 50% myometrial invasion, no 
further therapy is recommended because the prognosis is very good. 

In patients with stage I, grade II disease and less than 50% but more than 25% 
myometrial invasion, it is debatable whether vaginal cuff irradiation is indicated. 
Although this adjuvant therapy is the subject of debate, it may be justifiable in patients 
with stage |, grade III disease who have from 25% to less than 50% myometrial 
invasion (6). 

Postoperative irradiation is recommended in patients with stage I, grade | or Il 
disease with more than 50% myometrial involvement, and in patients with grade III 
disease regardless of depth of myometrial involvement. 

Vaginal cuff irradiation is delivered with colpostats or vaginal cylinders. The dose with 
low-dose-rate (LDR) brachytherapy is 60 to 70 Gy to the vaginal mucosa in one or 
two insertions. With high-dose-rate brachytherapy, the usual prescription is 6 to 7 Gy 
per fraction at 0.5-cm depth; 3 fractions are delivered 1 to 2 weeks apart. 

At some institutions, high-risk patients are treated with a combination of external- 
beam irradiation and vaginal cuff insertion. 


Inoperable Stage | Endometrial Carcinoma 


In medically inoperable patients, two brachytherapy insertions for 7,000 to 8,000 
mgRaEq-h (LDR) and external-beam irradiation to the pelvis to a total dose of 50.4 
Gy with a midline block at 20 Gy are recommended (3). 


Stage II Endometrial Carcinoma 


Patients with stage II endometrial carcinoma are subdivided into those with 
endocervical glandular involvement only and those with cervical stromal invasion. 
The gynecologic oncologic community favors surgery followed by postoperative 
irradiation, based on histologic findings. 

The incidence of pelvic lymph node involvement varies from 20% to 50% in patients 
with stromal involvement. This necessitates adequate treatment of nodal areas and 
parametrial tissues with external pelvic irradiation. 

Survival for patients with stage II disease ranges from 50% to 85%. Patients with 
endocervical glandular involvement only (stage IIA) have a much better 5-year 
survival rate than those with cervical stromal invasion (stage IIB). 


Stage Ill Endometrial Carcinoma 


Treatment for stage III disease must be individualized. 

The trend at some institutions in the United States has been to first operate on 
patients without extensive parametrial or vaginal extension to assess the extent of the 
disease and debulk the tumor. 

All stage III patients are candidates for postoperative irradiation after surgical staging 
and debulking of the tumor. 

Irradiation fields are defined by the histologic extent of the tumor. 

Patients with positive peritoneal cytology only may be treated with phosphorus 32 
(**P) instillation (15 mCi) or whole-abdomen irradiation. In general, irradiation doses 
of 30 Gy to the entire abdomen with a pelvic boost to a total dose of 50.4 Gy are 
recommended. 

Patients with periaortic nodal involvement should be treated with extended-field 
irradiation encompassing the periaortic lymph nodes (2). 

The recommended radiation dose to the periaortic lymph nodes is approximately 45 
Gy, and the pelvic dose should be taken to 50.4 Gy. 

For inoperable patients, whole-pelvis irradiation (20 to 40 Gy) and additional boost to 
the lateral pelvic wall to 50 to 60 Gy after placement of a midline block (depending on 


clinical evidence of parametrial invasion), combined with two LDR intracavitary 
implantations for a total of 5,000 to 8,000 mgRaEc-h, is the treatment of choice. 

e Patients with pathologic stage III disease have significantly higher survival (40% to 
64%) than patients with clinical stage III disease (20% to 30%). Greven et al. (4) 
reported a 5-year disease-free survival rate of 57% in 74 patients with pathologic 
stage Ill endometrial carcinoma who received postoperative external-beam irradiation 
to the pelvis or to the pelvis and periaortic lymph nodes, if the nodes were 
pathologically positive. 


Stage IV Endometrial Carcinoma 


e Medically operable patients with bladder or rectal wall involvement without pelvic wall 
fixation may be considered for pelvic exenteration. 

e Patients with stage IVB disease may be treated with whole-pelvic irradiation for 
control of local symptoms of bleeding, discharge, and pelvic pain. 


Radioactive Phosphorus 

e Intraperitoneal 32 is effective in decreasing recurrences in selected patients with 
subclinical intraperitoneal disease. The usual dose is 15 mCi. 

e Bowel complications (which occasionally mandate surgical resection in a minority of 
patients) are the only reported adverse effects of intraperitoneal 32P treatment. 

e = It is strongly recommended not to combine 32D treatment and external-beam 
irradiation to the pelvis because of excessive bowel toxicity. 

e The optimal treatment for patients with positive cytology remains to be defined. 


Hormonal Therapy 


e Many reports have documented that progestational agents are effective in a selected 
group of patients with endometrial cancer, with overall response rates varying from 
9% to 40% (3). 

e There are no significant differences in responses among the various types of 
progestational agents (9). 

e Responses to progesterone therapy are more likely to occur in patients with well- 
differentiated and receptor-positive tumors (10). 


Chemotherapy 


e Doxorubicin (Adriamycin) is the principal therapeutic agent used to treat patients with 
metastatic endometrial cancer. 

e Some investigators have shown better median survival time in patients who showed a 
complete response to doxorubicin (14 months) compared with those who showed no 
response (3.5 months) (12). 


Recurrent Endometrial Carcinoma 


e Early diagnosis is crucial for successful treatment of recurrent endometrial carcinoma 
(8). 

e Approximately 70% of all relapses occur within the first 2 years after completion of 
initial therapy; frequent follow-up examinations are highly recommended. 

e Optimal treatment for recurrent endometrial cancer depends on the size of the 
recurrent tumor, spread of tumor beyond the confines of the true pelvis, and type of 
therapy delivered after initial diagnosis. 

e Isolated vaginal recurrences are rare, particularly in patients who have received 
adequate initial radiation therapy. Vaginal recurrences usually coexist with more 
extensive pelvic disease. 


e For patients with recurrent cancer in the pelvis who have not received previous 
irradiation, external-beam irradiation to the whole pelvis (45 to 50 Gy in 5 to 6 weeks) 


is recommended. 


e An additional boost of 10 to 15 Gy to the tumor bulk can be delivered with external- 
beam irradiation when the tumor involves the central pelvis or the pelvic side wall. 

e Vaginal recurrences can receive boost irradiation with intracavitary or interstitial 
radiation therapy to bring the total tumor dose to 80 Gy. 

e Patients with disseminated tumors are treated with progestational agents, which may 
be given alone or combined with chemotherapy, depending on the status of estrogen 
or progesterone receptors. 


e Radiation therapy is indicated for palliation. 


Table 46-5: Carcinoma of the endometrium: Mallinckrodt Institute of Radiology 


treatment guidelines 


Stage 
and 
grade Tumor extent 
Medically operable? 


IAG1 ='"/} Myometrial 
penetration 

IBG1 |2'"/ Myometrial 
penetration 

IA G2, <'/> Myometrial 

IBG2 penetration 


>"/> Myometrial 
penetration 


IA G3, (No myometrial 
IB G3 (penetration 


1/3 Myometrial 
penetration 


II Cervix 
microscopically 
involved; no 
myometrial 
penetration 


Cervix 
microscopically 
involved; myometrial 
penetration 


Cervix grossly 
involved 


Radiation alone 
IA, B — 


I, Wl, IV — 


Preoperative 
brachytherapy 


3,500 mgh to 
uterus; 65 Gy 
RSD 


3,500 mgh to 
uterus; 65 Gy 
RSD 

3,500 mgh to 
uterus; 65 Gy 
RSD 

3,500 mgh to 
uterus; 65 Gy 
RSD 

3,500 mgh to 


uterus; 65 Gy 
RSD 


3,500 mgh to 
uterus; 65 Gy 
RSD 


3,500 mgh to 
uterus; 65 Gy 
RSD 


7,500-8,000 mgh 


(two insertions) 


8,000-8,500 mgh 


(two insertions) 


Low dose rate 


Postoperative 
brachytherapy 


65 Gy RSD 


65 Gy RSD 


Postoperative 
external (Gy) 
Whole Split 
pelvis | field 
20 or 50 (30 
20 30 
20 30 
20 30 
20 30 
20 30 
(preop) |(preop) 
20 30 
20 30 


Tumor at abdominal 


hysterectomy 
IG1 <'/> Myometrial — 65 Gy RSD — — 
penetration 
>"/> Myometrial — 65 Gy RSD 20 30 
penetration 
1G2,  (='/3 Myometrial — 65 Gy RSD = = 
G3 penetration 
>'/3 Myometrial — 65 Gy RSD 20 30 
penetration 
II No myometrial — 65 Gy RSD — — 
penetration 
III Any myometrial — 65 Gy RSD 20 30 
penetration 
Postoperative recurrence 
— — 65 Gy RSD, plus 30 20 
500 mgh needle 
implant 


RSD, rad surface dose (vaginal mucosal dose). 


“If periaortic disease is present, this region receives 45 Gy, pelvis and brachytherapy as 
outlined. 


Pif nodular or infiltrating disease is present. 


Radiation Therapy Techniques 


The external-beam field should extend superiorly to cover the common iliac lymph 
nodes and inferiorly to encompass the upper half of the vagina. 

The lateral border of the treatment field should extend 1.5 to 2.0 cm beyond the 
border of the bony pelvis to include the pelvic lymph nodes. 

Treatment can be delivered using a four-field box technique to provide a 
homogeneous dose distribution. 

If external-beam therapy alone is to be used postoperatively, a dose of 45 to 50 Gy is 
indicated. 

If external-beam irradiation is combined with brachytherapy, a dose of 20 to 30 Gy, 
with an additional parametrial boost (with midline block) to deliver 50 Gy to the pelvic 
lymph nodes, is used. 

For preoperative intracavitary insertions, the vaginal wall should be irradiated. 

If there is tumor extension into the vagina, the entire length of the organ should be 
treated with a cylinder, Delclos applicator, or Syed interstitial implant because of the 
propensity of advanced endometrial tumors to metastasize to this site. 

In patients with recurrent tumors, the choice of intracavitary device depends on tumor 
bulk and location. The entire vagina should be treated. The uninvolved mucosa 
should receive doses of 50 to 60 Gy, depending on the external-beam dose to the 
whole pelvis. A total dose of approximately 75 to 80 Gy should be delivered. 
Medically inoperable patients can be treated with irradiation alone. Two intracavitary 
insertions to deliver 60 Gy to the vaginal surface are combined with external-beam 
irradiation with an additional 20 to 40 Gy to the whole pelvis and subsequent boosting 
of the lateral pelvic wall to a total dose of 50 Gy. A midline pelvic shield protects the 
bladder and bowel. Additional boost irradiation is indicated if there is residual tumor. 


Sequelae of Treatment 


e The mortality rate for patients who undergo a total abdominal hysterectomy and 
bilateral salpingo-oophorectomy is less than 1%; however, concomitant medical 
problems (obesity, hypertension, heart disease) increase the risk for complications 
(e.g., infection, wound dehiscence, fistula formation, and bleeding). 

e Acute complications resulting from pelvic irradiation include fatigue, diarrhea, and 
cystitis. 

e Desquamation of vulvar skin from irradiation of the vagina is not uncommon. 

e Anorexia and vomiting may occur if the periaortic region is irradiated. 

e Late complications such as chronic cystitis, bowel obstruction, and fistula formation 
are generally seen in fewer than 10% of patients. 

e Although vaginal stenosis occurs, it is successfully managed with routine use of a 
vaginal dilator and vaginal estrogen applications. 
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Anatomy 


e The paired ovaries are light gray and approximately the size and configuration of 
large almonds. 

e During the reproductive years, the ovary weighs 3 to 6 g and measures approximately 
1.5 cm x 2.5 cm x 4.0 cm. 

e The mesovarium, ovarian ligament, and infundibular pelvic (suspensory ligament of 
the ovary) ligaments determine the anatomic mobility of the ovary. 

e The mesovarium ligament contains the arterial anastomotic branches of the ovarian 
and uterine arteries. 

e The ovarian ligament is a narrow, short, fibrous band that extends over the lower pole 
of the ovary to the uterus. The suspensory ligament attaches the ovary to the lateral 
pelvic walls and contains the ovarian artery, veins, and accompanying nerves. 

e Lymphatic drainage is primarily to the periaortic nodes at the level of the renal veins. 
The external iliac and inguinal lymph nodes may be involved by retrograde lymphatic 
flow. 


Epidemiology 


e Ovarian carcinomas are the fourth-leading cause of cancer-related death in women in 
the United States; 25,400 new cases of ovarian cancer were predicted in 1998, with 
14,500 deaths. 

e Carcinoma of the ovary is a disease of older women, with a peak incidence in the fifth 
to seventh decade. It is rarely seen before menarche, but when it is seen, ovarian 
germ cell tumors predominate. 

e Endocrine effects of carcinogenesis may be related to the number of uninterrupted 
ovulatory cycles. Nulliparous women are at an increased risk of ovarian cancer 
compared with those who have borne children; multiple pregnancies exert an 
increasingly protective effect. 

e Oral contraceptives have a protective effect, particularly in nulliparous women. 


Hereditary site-specific ovarian cancer syndrome, hereditary breast/ovarian cancer 
syndrome, and Lynch II cancer family syndrome occur as autosomal-dominant traits 
with a variable penetrance. The last is characterized by nonpolyposis colorectal 
cancer, endometrial cancer, and ovarian cancer. 

Peutz-Jeghers syndrome is associated with an increased risk of sex cord-stromal 
tumors. 

Sunlight, which is related to vitamin D synthesis for ovarian cancers, has been 
reported as a protective factor; low incidences of this type of cancer are found in 
countries with high amounts of sunlight. 

Depot medroxyprogesterone acetate and short-term use of tamoxifen have not 
conclusively been shown to be associated with an increased risk of ovarian cancer. 


Natural History 


Epithelial ovarian carcinoma arises from the ovarian surface epithelium. 

Early disease is confined to the ovary as a cystic growth. 

Dissemination occurs through transcoelomic, lymphatic, or hematogenous spread. 
All peritoneal surfaces are at risk for tumor implantation and nodule growth. The 
peritoneal surfaces of the diaphragm, liver, and spleen are frequently coated by 
tumor. 

The most frequently associated nodes are the periaortic and pelvic lymph nodes, 
which are involved in approximately 10% to 25% of patients with clinically localized 
disease and up to 80% of those with advanced disease. 

Autopsy findings have revealed involvement of pelvic nodes in 80% of all cases, 
periaortic nodes in 78%, inguinal nodes in 40%, mediastinal nodes in 50%, and 
supraclavicular nodes in 48% (2). 

Hematogenous metastases occur to the liver, lung, pleura, and, less frequently, to the 
bone, kidney, bladder, skin, adrenal gland, and spleen. 


Clinical Presentation 


Because early gastrointestinal symptoms are nonspecific, women present with early- 
stage disease only 15% to 25% of the time. 

Detection of early-stage disease usually occurs by palpation of an asymptomatic 
adnexal mass on routine examination. 

Most adnexal masses are not malignant, and in premenopausal women, ovarian 
cancer represents fewer than 5% of adnexal neoplasms. 

An adnexal mass in a postmenopausal woman has a higher likelihood of malignancy, 
and surgical exploration usually is indicated. 

Most women are diagnosed after disease has spread beyond the pelvis and presents 
as abdominal pain or discomfort with increased abdominal girth related to ascites or 
large intraabdominal masses. 


Diagnostic Workup 


The diagnostic workup and preoperative evaluation of a patient suspected of having 
ovarian malignancy should include an initial full history and physical assessment, 
including bimanual pelvic examination. 

Transvaginal ultrasonography is more sensitive in the assessment of adnexal 
masses, especially when combined with color flow Doppler. 

Computed tomography (CT) is useful in detection of upper abdominal and 
retroperitoneal disease. 

Routine laboratory studies should include a complete blood cell count, blood urea 
nitrogen, creatinine, liver enzymes, and CA 125 level. Other tumor markers have 
been investigated to enhance the specificity of CA 125. 

CA 19-9, along with carcinoembryonic antigen, is useful in monitoring patients with 
mucinous subtypes of ovarian cancer. 


Human chorionic gonadotropin and a-fetoprotein are the most useful markers for 
germ cell tumors. 
Patients also should undergo routine preoperative surgical clearance. 


Staging Systems 


The International Federation of Gynecology and Obstetrics staging classification is 
the most widely used classification system (Table 47-1). 

Ovarian carcinoma staging requires a thorough surgical exploration. The surgeon 
should be able to perform the procedures listed in Table 47-2, as outlined by the 
Gynecologic Oncology Group (GOG). 

After appropriate staging procedures have been completed, a total abdominal 
hysterectomy should be performed with a bilateral salpingo-oophorectomy and 
appendectomy. The appendectomy is necessary because of a high frequency of 
metastatic involvement. 

Patients who did not undergo complete surgical staging at the time of the initial 
surgical procedure should have a second-look laparotomy. 


Table 47-1: Staging systems for carcinoma of the ovary 


TNM FIGO Definition 
Primary tumor (T) 


TX — Primary tumor cannot be assessed 
TO = No evidence of primary tumor 
T1 | Tumor limited to ovaries (one or both) 

Tia IA [Tumor limited to one ovary; capsule intact, no tumor on ovarian surface; 
no malignant cells in ascites or peritoneal washings? 

T1b IB [Tumor limited to both ovaries; capsules intact, no tumor on ovarian 
surface; no malignant cells in ascites or peritoneal washings’ 

Tic IC Tumor limited to one or both ovaries with any of the following: capsule 
ruptured, tumor on ovarian surface, malignant cells in ascites or 
peritoneal washings 

T2 II Tumor involves one or both ovaries with pelvic extension 

T2a IIA (Extension and/or implants on the uterus and/or tube(s); no malignant 
cells in ascites or peritoneal washings 

T2b IIB (Extension to other pelvic tissues; no malignant cells in ascites or 
peritoneal washings 

T2c Pelvic extension (2a or 2b) with malignant cells in ascites or peritoneal 

IIC washings 
T3 and/or |III Tumor involves one or both ovaries with microscopically confirmed 
N1 peritoneal metastasis outside the pelvis and/or regional lymph nodes 
T3a Microscopic peritoneal metastasis beyond the pelvis 
IA 
T3b Macroscopic peritoneal metastasis beyond the pelvis, s2 cm in greatest 
IIIB (dimension 
T3c IIIC (Peritoneal metastasis beyond the pelvis, >2 cm in greatest dimension 
and/or N1 and/or regional lymph node metastasis 
M1 IV Distant metastasis (excludes peritoneal metastasis)” 
Regional lymph nodes (N) 
NX Regional lymph nodes cannot be assessed 
NO No regional lymph node metastasis 


N1 Regional lymph node metastasis 
Distant metastasis (M)” 


MX Distant metastasis cannot be assessed 
MO No distant metastasis 
M1 Distant metastasis (excludes peritoneal metastasis) 


pTNM pathologic classification 
Note: The pT, pN, and pM categories correspond to the T, N, and M categories 
Stage grouping 


Stage IA Tia NO MO 
Stage IB Tib NO MO 
Stage IC Tic NO MO 
Stage IIA T2a NO MO 
Stage IIB |T2b NO MO 
Stage IIC |T2c |NO MO 
Stage IIIA T3a NO MO 
Stage IIIB |T3b |NO MO 
Stage IIIC T3c (NO MO 

Any T N1 MO 
Stage IV |Any T |Any N M1 


FIGO, International Federation of Gynecology and Obstetrics. 


“The presence of nonmalignant ascites is not classified. The presence of ascites does not 
affect staging unless malignant cells are present. 


Liver capsule metastasis is T3/stage lll; liver parenchymal metastasis is M1/stage IV; pleural 
effusion must have positive cytology for M1/stage IV. 


From Fleming ID, Cooper JS, Henson DE, et al., eds. AJCC cancer staging manual, 5th ed. 
Philadelphia: Lippincott-Raven, 1997:201—206, with permission. 


Table 47-2: Staging surgical procedures for ovarian cancer 


Purpose: Maximum resection of ovarian cancer. Accurate staging of ovarian cancer to 
allow selection of optimal postoperative therapy. 


Indications: All cases of ovarian cancer, including borderline tumors of the ovary. 
Contraindications: Poor surgical risk. 
Content of procedure: 


The abdominal incision must be adequate to explore the entire abdominal cavity and allow 
safe cytoreductive surgery. A vertical incision is recommended but not required. 


The volume of any free peritoneal fluid should be estimated. Free peritoneal fluid is to be 
aspirated for cytology. If no free peritoneal fluid is present, separate peritoneal washings will 
be obtained from the pelvis, paracolic gutters, and infradiaphragmatic area. These may be 
submitted separately or as a single specimen. Patients with stage III or IV disease do not 
require cytologic assessment. 


All peritoneal surfaces, including the undersurface of both diaphragms and the serosa and 
mesentery of the entire gastrointestinal tract, will be visualized and palpated for evidence of 
metastatic disease. 


Careful inspection of the omentum and removal if possible of at least the infracolic omentum 
will be accomplished. At minimum, a biopsy of the omentum must be obtained. 


If possible, an extrafascial total abdominal hysterectomy and bilateral salpingo- 
oophorectomy will be performed. If this is not possible, a biopsy of the ovary and sampling 
of the endometrium must be performed. The surgery section in selected ovarian cancer 
protocols may permit a unilateral salpingo-oophorectomy. 


If possible, all remaining gross disease within the abdominal cavity is resected. 
If there is no evidence of disease beyond the ovary or pelvis, the following must be done: 


Peritoneal biopsies from cul-de-sac, vesical peritoneum, right and left pelvic side walls, 
and right and left paracolic gutters 


Biopsy or scraping of the right diaphragm 
Selective bilateral pelvic and periaortic lymph node sampling. 


Selective pelvic and periaortic lymph node sampling must be done in the following 
situations: 


Patients with tumor nodules outside the pelvis that are <2 cm (presumed stage IIIB) must 
have bilateral pelvic and periaortic lymph node biopsies. 


Patients with stage IV disease and those with tumor nodules outside the pelvis that are 
>2 cm do not require pelvic or periaortic lymph node biopsies, unless the only nodule >2 cm 
is a lymph node, in which case it must be biopsied. 


Histologically confirmed metastatic nodal disease makes further node sampling 
unnecessary. 


Note: The procedures outlined above may be modified within the surgery section of specific 
protocol, and these modifications supersede the content of the procedure in the Surgical 
Procedures Manual. 


CA 125 


e CA 125 is the best available tumor marker for ovarian carcinoma. It detects up to 89% 
of patients with serous adenocarcinoma of the ovary, compared with only 68% of 
those with mucinous tumors, which are better detected with CA 19-9 (15). 

e The upper limit for a normal serum level of CA 125 is 35 units per mL. Levels above 
this are suspicious for ovarian malignancy; however, this level is insufficiently 
sensitive to be used as a screening tool for ovarian cancer. 

e CA 125 can accurately reflect tumor burden after surgery and cytotoxicity. In one 
study, if CA 125 levels decreased less than 60%, the sensitivity, specificity, and 
positive predictive value for residual disease larger than 2 cm was 100% (3). 

e CA 125 levels should be interpreted with caution until 3 to 4 weeks after surgery 
because the surgery itself may reflect increases in CA 125 as a result of peritoneal 
inflammation. 

e Probably the most valuable and reliable use of CA 125 is for detection of disease 
recurrence and progression. When monthly CA 125 levels and clinical examination 
were evaluated, progressive disease could be diagnosed in 92% of patients (19). 


Pathologic Classification 


e The World Health Organization and International Federation of Gynecology and 
Obstetrics adopted a unified classification of the common epithelial, germ cell, sex 
cord, and stromal tumors. 

e Ofall malignant ovarian tumors, 85% to 90% are epithelial, arising from the germinal 
epithelium of the ovarian surface. Serous cystadenocarcinoma is the most common 
of these, accounting for 42%. 


e Fewer than 10% of all ovarian malignancies are primary germ cell, sex cord, or 
stromal tumors. 

e Serous tumors are usually cystic and may be bilateral in up to 30% of patients; 
mucinous tumors are bilateral in only 5% to 10% of patients. 


Prognostic Factors 


e Tumor stage, volume of postoperative residual disease, and tumor grade are the 
major independent prognosticators for epithelial ovarian cancers. 

e Histologic subtypes of malignant epithelial ovarian neoplasms are of limited 
prognostic significance. 

e Overall, 5-year survival rates for stage I, Il, Ill, and IV disease are 90%, 80%, 15% to 
20%, and less than 5%, respectively (14). 

e Histologic grade is a particularly important prognosticator for early-stage disease. 
Stage | patients with grade 1, 2, and 3 disease have survival rates of 97%, 78%, and 
62%, respectively (4). 

e Figure 47-1 shows the classification of patients into three distinct risk groups based 
on stage, postoperative residual tumor volume, and grade. The low-risk group 
requires no adjuvant therapy and has excellent survival, with surgery being the only 
treatment modality. The intermediate-risk group constitutes almost 33% of patients 
with ovarian cancer; abdominopelvic irradiation is the most appropriate treatment. 
This group primarily includes patients with stage | and II disease, but patients with 
stage Ill disease, grade 1 optimally debulked (less than 2 cm residuum) with residual 
disease located in the pelvis are amenable to abdominopelvic irradiation. 

e In early-stage disease, other factors have been identified as independent 
prognosticators. Dembo et al. (7) demonstrated in 642 patients with stage | disease 
that tumor variables predictive for high probability of relapse after complete tumor 
removal are degree of differentiation, presence of dense adhesions between tumor 
and pelvic organs, and presence of ascites. When these factors were accounted for, 
no other significant prognosticators, including bilateral tumor, capsular penetration, 
tumor size, cyst rupture, patient age, histologic subtype, or type of postoperative 
therapy, were found to be significant. 

e Other studies have found tumor ploidy to be a significant prognosticator. Aneuploid 
tumors are more aggressive than diploid tumors and are generally of higher stage at 
presentation; they also have a shorter median survival time (4.5 versus 22.0 months, 
respectively) (9). 
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Figure 47-1: Low-, intermediate-, and high-risk prognostic categories based on stage, postoperative residuum, an 
grade. (From Dembo A. Epithelial ovarian cancer: the role of radiotherapy. Int J Radiat Oncol Biol Phys1992;22:83 
845, with permission.) 


General Management 


e Numerous studies have confirmed that subsets of patients with early-stage disease 
do not require further adjuvant therapy. It is possible for young patients of 
childbearing age to preserve fertility if they have stage | disease with grade 1 or 2 
histology. 

e The Ovarian Tumor Study Group examined 81 patients who received either oral 
melphalan (Alkeran) or no postoperative treatment for stage IA-IIA disease (grades 1 
and 2); after 7 years of follow-up, no differences were found in disease-free or overall 
survival (15). 

e Patients with stage | disease with grade 3 tumor histology generally require adjuvant 
therapy because of the high recurrence rate. A Norwegian study suggested that 
chemotherapy with cisplatin was no better than intraperitoneal radioactive phosphate 
instillation. The 5-year follow-up revealed no survival advantage for either group 
(21,22). 

e Memorial Sloan-Kettering Cancer Center reviewed their patient experience with early- 
stage disease to determine the role of second-look laparotomy and concluded that 
patients without evidence of disease after complete surgical staging do not routinely 
require this procedure (1). 

e Patients in high-risk subgroups (high tumor grade, stage IC, clear cell histology, or 
incomplete staging) may warrant a second-look laparotomy because of the high 
recurrence rate. 

e Late-stage disease is treated with chemotherapy and surgery. 


Surgery 


e One of the most important components of surgical management in patients with 
ovarian cancer, besides surgical staging, is tumor debulking. Debulking affects 
survival independent of adjuvant therapy. 

e Debulking in surgery, referred to as cytoreductive surgery, is of three different types: 
Primary cytoreduction is performed before adjuvant therapy; interventional surgery is 
performed after a few cycles of chemotherapy in patients in whom optimal debulking 
was not possible; and secondary cytoreduction is performed after completion of the 
chemotherapy course. 

e Griffiths et al. (11) reported that survival is directly related to the amount of residual 
tumor after primary cytoreductive surgery. Patients who were optimally debulked had 
the same prognosis as those who presented with small amounts of tumor before 
surgical resection. 

e Interval cytoreduction may be a viable surgical option in patients in whom achieving 
optimal cytoreduction cannot be expected at a primary debulking. 

e A randomized trial by the European Organization for Research and Treatment of 
Cancer showed an increase in median and overall survival with primary debulking 
procedures, which were performed after three cycles of platinum-based 
chemotherapy and followed by three additional cycles (20). 

e The role of pelvic and periaortic lymphadenectomy in cytoreduction is controversial. 
Patients with grossly involved nodes had survival rates similar to those of patients 
with microscopically positive or microscopically negative nodes, which suggested that 
the removal of macroscopically negative nodes did not improve survival in patients 
with advanced disease (17). 

e Overall, second-look laparotomy (surgical exploration performed in patients who have 
completed a planned course of treatment after initial surgical staging, cytoreductive 
surgery, and chemotherapy) is considered a safe procedure. 

e Laparoscopy has been investigated as an alternative to laparotomy, but initial results 
revealed a low sensitivity for detection of residual tumor, an inability to resect gross 
residual disease, and a 14% risk of major complications (6). 


e Second-look laparotomy involves a complete surgical evaluation of the entire 
peritoneal cavity and retroperitoneum via an adequate vertical incision. Peritoneal 
fluid or washings are viewed for cytology, and examination of all peritoneal services is 
performed. Adhesions are lysed and sent for pathologic evaluation, as are lymph 
nodes in the absence of gross disease. Multiple biopsies also are taken, and any 
residual tumor is resected if possible. 

e Approximately 15% of patients who are clinically free of disease by physical 
examination, CA 125, and CT scan have residual disease at surgery, and one-third of 
those with no evidence of disease at second-look laparotomy go on to develop tumor 
recurrence (15). 

e Treatment options after a positive second-look laparotomy may include external- 
beam irradiation, intraperitoneal radioactive organic phosphate, monoclonal 
antibodies, and chemotherapy; none of these has had an impact on survival in 
prospective randomized controlled trials. 

e Patients with gross disease at second-look laparotomy should be placed on protocols 
to assess benefits that have been demonstrated to be significant in retrospective 
reviews. 


Adjuvant Therapy for Epithelial Ovarian Carcinoma 
Radiation Therapy 


e The role of radiation therapy in the management of epithelial ovarian carcinoma 
continues to be controversial, despite extensive data to support its use. 

e Whole-abdominal pelvic irradiation has curative potential in appropriately selected 
patients. 

e For maximum curative potential, definitive radiation therapy should encompass all 
areas of common postoperative disease recurrence; therefore, the entire peritoneal 
cavity must be included. 

e In a Princess Margaret Hospital randomized trial comparing whole-abdominal pelvic 
irradiation with pelvic irradiation and chlorambucil in patients with stage | and II 
disease, the 10-year actuarial survival rate was 46% for abdominal pelvic irradiation 
and 31% for pelvic irradiation and chlorambucil (5). The benefit applied only to 
patients with no or small residual disease after surgery; patients with extensive 
disease showed no benefit to treatment. 

e Two prospective randomized trials have compared phosphorus 32 (P) with other 
forms of therapy for treatment of early-stage, high-risk patients. The GOG and 
National Cancer Institute of Canada confirmed equivalent survival for these patients, 
whether treated with P, whole-abdominal pelvic irradiation, or with melphalan (12). 

32P was recommended as the preferred treatment because of its more limited toxicity, 
compared with the leukemogenic melphalan. 

e P is the most commonly used intraperitoneal radioisotope. It is a pure beta emitter 
that lacks the irradiation safety hazards inherent with other isotopes. The average 
energy of the beta particle emitted by ?P is 0.69 MeV, with an effective depth of 
irradiation of 1.5 to 3.0 mm. Its use therefore is limited to patients with minimal or no 
residual disease after surgery. 


Chemotherapy 


e Systemic chemotherapy after an appropriate surgical procedure has become the 
standard of care for epithelial ovarian cancer. 

e Traditionally, cisplatin (50 mg per m*) and cyclophosphamide (750 mg per m’) have 
been used; six cycles of chemotherapy are considered standard. 

e There is no benefit to high-dose cisplatin. 

e Paclitaxel (Taxol) is the most promising new drug since cisplatin for treatment of 
epithelial ovarian cancer, although long-term data are not yet available. 


e Preliminary results from a GOG randomized trial that compared cisplatin and 
paclitaxel with cisplatin and cyclophosphamide (13) suggests that the paclitaxel 
regimen is superior, with increased response and disease-free survival rates. 

e The role of intraperitoneal chemotherapy remains to be defined. 

e Paclitaxel offers the most promise for intraperitoneal administration; however, it has 
the same restrictions as P in that adhesions from surgery or tumor may limit 
homogeneous distribution of dose, along with poor penetration of tumor nodules and 
lymph nodes. 

e Intraperitoneal chemotherapy remains an investigational procedure because no 
randomized trials have thus far demonstrated a benefit from intraperitoneal versus 
intravenous chemotherapy. 


Hormonal Therapy 


e No benefit has been demonstrated from primary hormonal or chemohormonal 
therapy. 

e Antiandrogens, antiestrogens, and gonadotropin-releasing hormone analogues have 
been studied in several trials with a limited response rate of 5% to 15% (15). 

e Hormonal therapy is an option for patients with recurrences after maximal 
chemotherapy has been used; these patients have an overall response rate of 10%. 


Management of Dysgerminoma 


e Dysgerminoma is the most common malignant germ cell tumor, accounting for 
approximately 3% of ovarian malignancies. 

e In contrast to ovarian epithelial carcinoma, 80% of dysgerminomas occur in patients 
younger than 30 years of age, with most occurring in the second and third decades of 
life. 

e Dysgerminoma usually is localized to the ovaries and presents with abdominal 
swelling, discomfort, pain, or palpable abdominal mass. The duration of symptoms 
usually ranges from 0 to 3 months. 

e In a compilation of data from three series, stage distribution in 241 patients was 74% 
IA, 6% IB, 9% Il, 7% III, and 5% IV, with 5% unknown staging (18). 

e Hematogenous spread to the lungs, brain, or liver is rare and is always preceded by 
lymphatic metastases to the periaortic and left hilar lymph nodes. 

e Local invasiveness and extracapsular extension are rare but can lead to 
intraabdominal spread. 

e The diagnosis of pure dysgerminoma, in addition to routine staging, requires a normal 
a-fetoprotein, whereas human chorionic gonadotropin may be slightly elevated. 

e Surgical staging is required, but the extent of surgery varies. 

e Stage IA requires unilateral salpingo-oophorectomy and inspection of the entire 
peritoneal cavity. Biopsy should be performed on suspicious areas and 
retroperitoneal nodes. The approximate incidence of metastasis to regional lymph 
nodes is 20%. 

e Total abdominal hysterectomy and bilateral salpingo-oophorectomy have been 
advocated for patients who have disease beyond stage IA. 

e Dysgerminomas are noted for their radiosensitivity, and traditionally have been 
treated with adjuvant radiation therapy with excellent results. 

e Stage IA dysgerminomas are treated with surgery followed by irradiation to the 
periaortic and ipsilateral hemipelvic lymph nodes. 

e The upper field limit is T10-11; the lower limit is the top of the obturator foramen, with 
the lateral border 2 cm beyond the pelvic inlet on the ipsilateral side and wide enough 
to include the periaortic nodes on the contralateral side. The left renal hilum should 
be included because nodes there are also at risk. 

e Moderate doses of 25 to 30 Gy at 7.5 to 9.0 Gy weekly are used. 

e DePalo et al. (8) reported 100% overall survival and 90% disease-free survival at 5 
years for patients with stage | dysgerminomas. 


e Radiation therapy is usually well tolerated, but most women are left sterilized, 
although hormonal function may be preserved with the retained ovary. 

e More than two-thirds of relapses are limited to the contralateral ovary, 
retroperitoneum, pelvis, or abdomen, with hematogenous metastases occurring in 
approximately 20% of patients. 

e Supraclavicular and mediastinal recurrences are rare. 

e Tumor markers should be obtained every 2 months, and a CT scan of the abdomen 
and pelvis obtained every 3 months. 

e Seventy-five percent of recurrences occur within the first year after surgery and 80% 
within the first 2 years. 

e Recurrences usually are treated with chemotherapy, although they can also be 
treated with radiation therapy, depending on the site of disease and the desire to 
maintain fertility. 

e Salvage is excellent because of the marked chemosensitivity and radiosensitivity, and 
overall survival should not be compromised. 

e Chemotherapy has an emerging important role in adjuvant treatment of 
dysgerminomas for advanced, incompletely resected tumors. 

e The GOG has studied cisplatin-based chemotherapy in 20 patients in two 
consecutive protocols, first with cisplatin (Platinol), vinblastine sulfate, and bleomycin 
sulfate (PVB), and more recently with bleomycin sulfate, etoposide, and cisplatin 
(BEC) (23). All had incompletely resected stage III or IV disease, most with residual 
disease larger than 2 cm; 19 patients were alive with a median follow-up of 26 
months. All 14 patients who had a second-look laparotomy were pathologically free of 
disease. 

e A similar chemotherapy regimen was used at the M. D. Anderson Cancer Center; all 
14 patients remained free of disease (10). 

e These studies suggest that high-stage or recurrent dysgerminomas should receive 
platinum-based chemotherapy. 


Radiation Therapy Techniques 
Intraperitoneal Instillation 


e *P is used intraperitoneally as adjuvant therapy for patients with postoperative, 
microscopic residual disease. 

e Generally, 15 to 20 mCi of 32P-labeled colloid is used. 

e Optimal administration is within the first 12 hours after surgery. 

e Prompt administration avoids adhesion formation, which may limit the distribution of 
isotope, decreasing its efficacy and increasing complications. 

e The techniques vary, but most commonly, two peritoneal catheters are placed during 
laparoscopy. 

e Before administration of P, 4 mCi of technetium 99m sulfur colloid is instilled with 
saline to verify adequate intraperitoneal dispersion by scintillation camera scanning. If 
significant loculations are present, then *“P is not given. 

e Next, 7.5 mCi of 2D is premixed in 250 mL of normal saline and administered by 
gravity drainage through each of the two catheters for a total of 15 mCi. 

e Additional saline may be added to the peritoneal cavity to approximate 2 L of instilled 
fluid for optimal dispersion. 

e The catheter should be flushed thoroughly and then removed. 

e The abdomen is then kneaded, and the patient repositioned every 10 to 15 minutes 
for at least 2 hours to facilitate distribution. 

e Dressings should be checked frequently for leakage. 

e If the decision to administer °P is made after laparotomy and catheters were not 
placed intraoperatively, they may be placed percutaneously using a specialized 
central venous catheter placed under local anesthesia, as described by Smith et al. 
(16). 

e *P becomes distributed (and gradually fixed) to the peritoneal surface within the first 
24 hours after administration. 
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e The estimated tissue surface dose from 10 mCi of “P is approximately 30 Gy. 


External-Beam Therapy 


e For external-beam therapy to offer curative potential, the entire peritoneal cavity 
usually must be treated. 

e The current technique involves an open field treating the entire peritoneal cavity, 
including periaortic, pelvic, and mesenteric lymph nodes along with the entire 
diaphragm (Fig. 47-2). 

e The superior border of the field is 2 cm above the domes of the diaphragm during 
quiet respiration. The inferior border is the bottom of the obturator foramina. Lateral 
borders extend 2 cm beyond the lateral peritoneum. 

e Pelvic boost fields routinely are used with either anteroposterior-posteroanterior or 
four-field technique. 

e The dose recommendation is 22.5 Gy in 18 fractions, as described from the Princess 
Margaret Hospital (5) and other sources. There is no benefit to 30 Gy in 30 fractions. 

e Various hyperfractionation regimens have been evaluated that treat the patient to 
approximately 30 Gy with or without kidney blocks. 

e Whichever technique is used for whole-abdomen irradiation, the following principles 
are suggested (15): 


1. An open-field technique that adequately encompasses the entire peritoneal cavity is 
recommended. 

2. Parallel-opposed fields are preferable to decrease the likelihood of shielding high-risk 
areas, but a carefully planned four-field orthogonal technique may be considered 
also. 

3. High-energy photons should be used to ensure a dose variation of 5% or less. 

4. Abdominal dose should be limited to 22.5 to 30.0 Gy at 1.0 to 1.5 Gy per fraction. 
Pelvic fields are boosted to 45 to 50 Gy at 1.8 to 2.0 Gy per fraction. Routine use of 
periaortic boost is not recommended due to increased sequelae. 

5. A 1 half-value layer anterior liver block can be used so that the right liver 
hemidiaphragm receives a maximal dose of 25 Gy. 

6. Posterior 5 half-value layer kidney blocks are used, and the renal dose is limited to 
approximately 18 Gy. 


View Figure 


Fig. 47-2: Treatment volume for abdominopelvic radiation therapy. Parallel-opposed anterior and posterior fields a 
used to encompass the entire peritoneum. Kidney shielding is used on the posterior field only. (From Dembo Au. 
Abdominopelvic radiotherapy in ovarian cancer: a 10-year experience. Cancer 1984;55:2285-—2290, with 
permission.) 


Sequelae of Treatment 


e Toxicity after abdominal pelvic irradiation is classified as acute or late. 

e Acute effects occur during treatment and up to 1 month after completion of therapy. 

e Seventy-five percent of patients experience mild diarrhea and 67% are nauseous; 
vomiting occasionally occurs (15). 

e Hematologic toxicity is generally mild. 

e Toxicity from abdominal pelvic irradiation tends to be more severe after 
chemotherapy than when it is used as a single modality. This is because patients 
receiving combined-modality treatment usually have advanced disease and are ata 
high risk for major bowel complications regardless of radiation therapy. 

e The risk of radiation sequelae increases with increasing stage, increasing size of 
tumor residuum, and abdominal carcinomatosis. 


References 


1. Benjamin |, Rubin SC. Management of early stage epithelial ovarian cancer. Obstet 
Gynecol Clin North Am 1994;21:107—1 19. PubMed | 


2. Bergman F. Carcinoma of the ovary: a clinicopathological study of 86 autopsied cases with 
special reference to mode of spread. Acta Obstet Gynecol Scand 1966;45:211—-231, BubMed | 


3. Brand E, Lider Y. The decline of CA 125 levels after surgery reflects the size of residual 
ovarian cancer. Obstet Gynecol 1993;81:29—32. PubMed | 


4. Carey M, Dembo Au, Fyles AW, et al. Testing the validity of a prognostic classification in 
patients with surgically optimal ovarian carcinoma: a 15-year review. Int J Gynecol Cancer 
1993;3:24-35, PubMed | 


5. Dembo AJ. Abdominopelvic radiotherapy in ovarian cancer: a 10-year experience. Cancer 
1984;55: 2285-2290. 


6. Dembo AJ, Bush RS, Beale FA, et al. Improved survival following abdominopelvic 


irradiation in patients with a complete pelvic operation. Am J Obstet Gynecol 1979;134:793- 
800. aaa 


7. Dembo AJ, Davy M, Stenwig AE. Prognostic factors in patients with stage | epithelial 
ovarian cancer. Obstet Gynecol 1990;75:263-273. PubMed | 


8. DePalo G, Lattuada A, Kenda R, et al. Germ cell tumors of the ovary: the experience of the 
NCI of Milan. Int J Radiat Oncol Biol Phys 1987;13:853-860. 


9. Friedlander ML, Hedley DH, Taylor IW, et al. Influence of cellular DNA content on survival 
in advanced ovarian cancer. Cancer Res 1984;44:397—400. PubMed | 


10. Gershenson DM, Morris M, Cangir A, et al. Treatment of malignant germ cell tumors of 
the ovary with bleomycin, etoposide, and cisplatin. J Clin Oncol 1990;8:715—720. PubMed | 


11. Griffiths CT, Park VD, Fuller AF. Role of cytoreductive surgical therapy in the treatment of 
advanced ovarian cancers. Cancer Treat Rep 1979;63:235-240, PubMed | 


12. Klaassen D, Shelley W, Starreveld A, et al. Early stage ovarian cancer: a randomized 
clinical trial comparing whole abdominal radiotherapy, melphalan, and intraperitoneal chromic 
phosphate: a National Cancer Institute of Canada Clinical Trials Group report. J Clin Oncol 
1988;6:1254—1263, PubMed | 


13. McGuire WP, Hoskins WJ, Brady MF, et al. Assessment of dose-intensive therapy in 
suboptimally debulked ovarian cancer: a Gynecologic Oncology Group study. J Clin Oncol 
1995;13:1589-1599, PubMed | 


14. National Cancer Institute, Division of Cancer Prevention and Control. Cancer statistics 
review. Bethesda, MD: National Cancer Institute, 1986. (NIH publication no. 87-2789.) 


15. Ostapovicz DM, Keit J, Brady LW. Ovary. In: Perez CA, Brady LW, eds. Principles and 
practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:1853-1879. 


16. Smith HO, Gaudette DE, Goldberg GL, et al. Single-use percutaneous catheters for 
intraperitoneal P-32 therapy. Cancer 1994;73:2633-2637. PubMed | 


17. Spirtes MM, Cross AM, Fredd JL, et al. Cytoreductive surgery in advanced epithelial 
ovarian cancer: the impact of aortic and pelvic lymphadenectomy. Gynecol Oncol 
1992:86:345-352. 


18. Thomas GM, Dembo Au, Hacker NF, et al. Current therapy for dysgerminoma of the 
ovary. Obstet Gynecol 1987;70:268-275, PubMed | 


19. van der Burg ME, Lammes FB, Verweij J. The role of CA 125 and conventional 
examinations in diagnosing progressive carcinoma of the ovary. Surg Gynecol Obstet 
1993;176:310-314, EubMed | 


20. van der Burg ME, Van Lent M, Kobisha A, et al. Interventional debulking surgery (IDS) 
does improve survival in advanced epithelial ovarian cancer: an EORTC Gynecological 
Cancer Cooperative Group study. In: Proceedings of the American Society of Clinical 
Oncology. 1993:abstract 818. 


21. Vergote IB, DeVos W, Trope CG. Adjuvant treatment in early ovarian cancer. Proc 
International Gynecol Cancer Soc 1991;3:46. 


22. Vergote IB, Winderen M, DeVos LN, et al. Intraperitoneal radioactive phosphorus therapy 
in ovarian carcinoma. Cancer 1993;71:2250—2260. PubMed | 


23. Williams SD. Germ cell tumors. Hematol Oncol Clin North Am 1992;6:967—97 4, PubMed | 


Radiation Oncology: 
Management 
Decisions 


Table of Contents 


48: Fallopian Tube 
Anatomy 
Epidemiology 


Natural History 
Clinical Presentation 


Diagnostic Workup 
Staging System 
Pathologic Classification 
Prognostic Factors 
General Management 
Chemotherapy 
Radiation Therapy 


Sequelae of Treatment 
References 


Anatomy 


e The fallopian tubes are hollow, muscular viscera positioned horizontally within the 
superior part of the broad ligament. 

e Each fallopian tube extends from its own ovary to open into the endometrial cavity at 
the superoposterior part of the uterine fundus. 

e Each tube is lined with ciliated columnar epithelium with secretory cells. The 
epithelium undergoes changes in response to estrogen and progesterone similar to 
endometrium. Most malignancies arise from the epithelium. 

e The veins and lymphatics drain into the ovarian vein and lymphatics. 

e The final destination of the lymphatics is the paraaortic and iliac lymph nodes. 


Epidemiology 


e Carcinomas of the fallopian tubes are rare, making up only 0.15% to 1.80% of all 
gynecologic malignancies (7). 

e There is a 14% higher incidence in whites than in blacks. 

e Most occurrences are in the fifth and sixth decades of life. 


Natural History 


e Fallopian tube carcinomas spread in a fashion similar to that of ovarian cancers. 

e They extend locally to adjacent structures to involve the peritoneum, omentum, 
bowel, and ovaries at an early stage. 

e Approximately 70% of patients present with disease confined to the pelvis. 

e These tumors disseminate intraperitoneally in a similar fashion to that of ovarian 
cancers; however, paraaortic spread may precede intraabdominal dissemination 
through early lymphatic and vascular invasion. 

e Transcoelomic spread has an impact on survival, and increase in the depth of wall 
invasion reduces survival. 


Distant metastases to the liver and lung, which occur by local extension outside the 
peritoneal cavity, are uncommon. 


Clinical Presentation 


Most patients with fallopian tube carcinoma present with the early clinical symptoms 
of vaginal bleeding, vaginal discharge, and pelvic pain. 

Metrorrhagia is the most common presenting symptom. 

The most common physical sign is a pelvic mass, which occurs in 12% to 66% of 
patients (1-3). 


Diagnostic Workup 


Because of the rarity of primary malignancies of the fallopian tube and nonspecific 
presenting signs and symptoms, it has been difficult to diagnose most cases before 
surgical exploration. This frequently leads to a delay in correct diagnosis that may 
range from 2 months to more than 12 months (2). 

Papanicolaou smears and endometrial sampling have produced unsatisfactory results 
in diagnosis of fallopian carcinomas (9). 

Hysteroscopy and hysterosalpingography can diagnose abnormal masses of the 
fallopian tube in a nonspecific fashion. Their use may cause intraperitoneal tumor 
seeding if the ampulla is patent. 

Transvaginal ultrasonography provides more accurate assessment of adnexal 
pathology than pelvic ultrasound alone. 

CA 125, a tumor marker, may be elevated in fallopian tube malignancies; however, 
serum antigen levels are elevated in benign as well as malignant conditions, including 
endometriosis, pelvic inflammatory disease, and early pregnancy. 

Reports suggest that screening with CA 125 would be more effective if used in 
combination with transvaginal sonography (7). 


Staging System 


In 1991, an official staging system for carcinoma of the fallopian tube was established 
by the International Federation of Gynecology and Obstetrics (Table 48-1). 

Staging is presently done at the time of surgical exploration. 

If ascitic fluid is present and cytology results are negative, peritoneal washings are 
performed and subsequent cytology is carried out. 

The omentum usually is excised and examined for tumor involvement. 

Ovaries, uterus, bladder, and rectum are examined for direct tumor invasion. 

Areas of bowel, liver, and diaphragm are sampled for metastatic implants. 


Table 48-1: International Federation of Gynecology and Obstetrics (FIGO) fallopian 
tube staging system 


Stage 


Description 
Carcinoma in situ (limited to tubal mucosa) 


(Growth limited to the fallopian tubes 


Growth limited to one tube with extension into the submucosa and/or muscularis but 
not penetrating the serosal surface; no ascites 


Growth limited to both tubes with extension into the submucosa and/or muscularis 
but not penetrating the serosal surface; no ascites 


Tumor either stage IA or IB with tumor extension through or onto the tubal serosa; or 
with ascites present containing malignant cells or positive peritoneal washings 


Growth involving one or both fallopian tubes with pelvic extension 


IIA [Extension and/or metastasis to the uterus and/or ovaries 


IIB Extension to other pelvic tissues 


IIC ‘Tumor either stage IIA or IIB with ascites present containing malignant cells or with 


positive peritoneal washings 


Tumor involves one or both fallopian tubes with peritoneal implants outside the 
pelvis and/or positive retroperitoneal or inguinal nodes; superficial liver metastasis 
equals stage Ill; tumor appears limited to the true pelvis but with histologically 
proven malignant extension to the small bowel or omentum 


Tumor grossly limited to the true pelvis with negative nodes but with histologically 
confirmed microscopic seeding of abdominal peritoneal surfaces 


Tumor involving one or both tubes with histologically confirmed implants of 
abdominal peritoneal surfaces, none >2 cm in diameter; lymph nodes are negative 


Abdominal implants >2 cm in diameter and/or positive retroperitoneal or inguinal 
nodes 
Growth involving one or both fallopian tubes with distant metastasis; if pleural 


effusion is present, there must be positive cytology to be stage IV; parenchymal liver 
metastases equal stage IV 


Pathologic Classification 


Most fallopian tube carcinomas are papillary serous adenocarcinoma. 

Benign tumors are less common than malignant neoplasms. 

Rare histologic subtypes include endometrioid, clear cell, transitional cell, squamous 
cell, malignant mixed mUullerian tumors, and leiomyosarcoma. 

Approximately 5% to 30% of tumors are bilateral at the time of initial diagnosis. This 
is considered to be a multicentric primary. 

Malignancies are distributed equally between the left and right fallopian tubes. 
Fallopian tube tumors may adhere to surrounding tissue; the most common site is the 
ampulla, followed by the infundibulum. The lumen is closed approximately 50% of the 
time. 


Prognostic Factors 


Prognostic factors include age, stage at presentation, presence of ascites, amount of 
residual tumor after primary surgical resection, and aggressiveness of treatment. 
Increased age and residual tumor volume larger than 2 cm after primary surgery 
result in decreased survival. 

Presence of vascular or lymphatic invasion and stromal invasion are associated with 
a decreased 5-year survival rate. 


General Management 


Primary treatment of adenocarcinoma of the fallopian tube is surgical resection, 
performed as soon as possible after the initial diagnosis. 

Extensive surgical resection and staging should be performed, including total 
abdominal hysterectomy, omentectomy, bilateral salpingectomy, in addition to 
sampling of peritoneal washings, diaphragm, bladder, and bowel. 

Because of possible early nodal involvement before pelvic spread of the disease, 
some authors advocate lymph node sampling. 

The amount of residual tumor volume after primary surgical resection (greater than 2 
cm) has major prognostic implications; therefore, every effort should be made for as 
complete a surgical resection as possible. 


e Some authors have reported satisfactory results with conservative surgical treatment 
(unilateral salpingectomy only) if tumor has not invaded beyond the mucosa; 
however, most patients require some form of adjuvant treatment for sterilization of 
microscopic involvement or reduction of residual disease (7). 


Chemotherapy 


e Inthe only prospective trial to date, 18 patients receiving at least 6 to 12 cycles of 
cisplatin, doxorubicin, and cyclophosphamide achieved response rates of 53%, 
similar to the results seen in ovarian carcinoma (6). However, the series was small 
and included no control patients. 

e Several authors have reported good response rates with cisplatin-based combination 
chemotherapy for fallopian tube carcinoma in both localized and disseminated 
disease (4,5,8-10). 

e At present, many investigators advocate using a postoperative chemotherapy 
combination of paclitaxel plus a platinum compound, analogous to that used for 
patients with epithelial ovarian cancer. 

e Because the fallopian tube epithelium responds to cyclic hormonal changes, some 
investigators have considered using progestational agents in the treatment of 
fallopian tube malignancies, without success (2,10). 


Radiation Therapy 


e Postoperative irradiation is a traditional form of therapy for recurrent or disseminated 
fallopian tube carcinomas. 

e Reports in the past literature are difficult to evaluate because of variability in staging, 
surgical techniques, and radiation therapy treatment factors such as dose, volume, 
fractionation scheme, and type of radiation used. Because of the rarity of fallopian 
tube carcinoma, all reported studies involved a small number of patients treated over 
a long period of time (7). 

e Some authors have recommended using techniques similar to those used in the 
treatment of ovarian carcinoma. 

e It has been suggested that the use of whole-abdomen external-beam irradiation or 
intraperitoneal administration of phosphorus 32 results in better survival rates than 
surgery alone; however, others have concluded that there is no role for radioactive 
colloid treatment in patients with bulky disease (7). 

e The best results have been achieved with a total tumor dose greater than 50 Gy in 5 
to 6 weeks with megavoltage therapy (1.3.5). 

e Some investigators have advocated irradiation of the abdomen and paraaortics, along 
with the pelvis, because of the observation that early-stage disease is likely to recur 
in the upper abdomen, if not treated (1,5). 

e The role of combination chemotherapy and irradiation as postoperative treatment 
remains undefined, although both modalities have shown responses when used 
together or separately. 


Sequelae of Treatment 


e Reported complications of radiation therapy have been small in number and minor in 
severity. 

e Major treatment sequelae related to bowel and bladder complications can be 
successfully minimized by proper treatment planning and shielding of vital structures 
during treatment. 

e Patients who have undergone multiple surgical explorations or have concomitant 
medical problems (e.g., obesity, diabetes, hypertension) are at increased risk for 
development of complications in any treatment regimen. 

e Extensive disease involving bowel, bladder, and other abdominal organs also can 
add to treatment morbidity. 
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Anatomy 


e The vagina is a muscular, dilatable tube, approximately 7.5 cm in length, located 
posterior to the base of the bladder and urethra and anterior to the rectum. 

e The upper fourth of the posterior wall is separated from the rectum by a reflection of 
peritoneum called the pouch of Douglas. 

e The lymphatics in the upper portion of the vagina drain primarily via the lymphatics of 
the cervix; those in the lowest portion either drain cephalad to the cervical lymphatics 
or follow drainage patterns of the vulva into femoral and inguinal nodes. The anterior 
vaginal wall usually drains into the deep pelvic nodes, including the interiliac and 
parametrial nodes. 


Natural History and Patterns of Failure 


e Vaginal cancers occur most commonly on the posterior wall of the upper third of the 
vagina. Plentl and Friedman (20) found that 51.7% of primary vaginal cancers 
occurred in the upper third of the vagina and 57.6% on the posterior wall. 

e Tumors originating in the vagina may spread along the vaginal wall to involve the 
cervix or vulva. However, if biopsies of the cervix or the vulva are positive at the time 
of initial diagnosis, the tumor cannot be considered a primary vaginal lesion. 

e Because of the absence of anatomic barriers, vaginal tumors readily extend into 
surrounding tissues, including the paracolpal and parametrial tissues. Lesions on the 
anterior vaginal wall may penetrate the vesicovaginal septum; those on the posterior 
wall may eventually invade the rectovaginal septum. 

e The incidence of positive inguinal or pelvic nodes at diagnosis varies with stage and 
location of the primary tumor. 

e Because the lymphatic system of the vagina is complex, any nodal group may be 
involved, regardless of the location of the lesion (20). Involvement of inguinal nodes is 
most common when the lesion is located in the lower third of the vagina. 

e Distant metastases occur in approximately 23% of patients. 


e In squamous cell carcinoma, metastases to the lungs, liver, or supraclavicular nodes 
may occur, particularly in patients with advanced disease. 


Clinical Presentation 


e Abnormal vaginal bleeding (dysfunctional bleeding or postcoital spotting) is the 
presenting symptom in 50% to 75% of patients with primary vaginal tumors. 

e Vaginal discharge is common. 

e Dysuria and pelvic pain are less frequent presenting complaints; they occur when 
tumor has spread to adjacent organs. 


Diagnostic Workup 


e Diagnostic procedures for patients with vaginal tumors are shown in Table 49-1. 

e In addition to a complete history and physical examination, speculum examination 
and palpation of the vagina are essential. The speculum must be rotated as it is 
withdrawn so that anterior or posterior wall lesions, which occur frequently, are not 
overlooked. 

e Bimanual pelvic and rectal examinations in the office and under anesthesia are 
integral elements in the clinical evaluation. 

e Exfoliative cytology studies may detect early squamous cell lesions of the vagina, but 
not clear cell adenocarcinomas, which often grow in submucosal locations. 

e Schiller's test (with Lugol's solution) and colposcopy are useful for directed biopsies in 
abnormal sites in the vagina. 

e A metastatic evaluation including cytoscopy and proctosigmoidoscopy should be 
performed on patients with pathologically confirmed invasive vaginal carcinoma 
beyond stage Il. 

e In addition to the chest x-ray, intravenous pyelogram, and barium enema or air 
contrast (when indicated), computed tomography and magnetic resonance imaging 
increasingly have been used in evaluation of these patients. 


Table 49-1: Diagnostic workup for vaginal tumors 
General 
History 
Physical, including careful pelvic/bimanual examination 
Special studies 
Exfoliative cytology (clear cell adenocarcinomas may not be detected) 
Colposcopy and directed biopsies (including Schiller's test) 
Biopsies and examination under anesthesia to determine extent 
Cytoscopy 
Proctosigmoidoscopy (as indicated) 
Radiographic studies 
Standard 
Chest radiographs 
Intravenous pyelogram 
Complementary 
Barium enema 
Lymphangiogram 
Computed tomography or magnetic resonance imaging scans of pelvis and abdomen 
Laboratory studies 


Complete blood cell count | 


Blood chemistry | 
Urinalysis | 


From Perez CA, Garipagaoglu M. Vagina. In: Perez CA, Brady LW, eds. Principles and 
practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:1891-1914, with 
permission. 


Staging 


e Staging is best performed jointly by the gynecologic and radiation oncologists, with 
the patient under general anesthesia. 

e Multiple biopsies of the cervix are mandatory to rule out a cervical primary tumor. If 
there is a concomitant malignant lesion of the same histology in the cervix or if 
biopsies demonstrate a similar tumor, the lesion must be classified as a primary 
cervical carcinoma and staged accordingly. 

e Tumors are staged using the International Federation of Gynecology and Obstetrics 
(11) or American Joint Committee on Cancer staging system (Table 49-2 and Fig. 49- 
1). 

e It has been proposed that International Federation of Gynecology and Obstetrics 
stage II be subdivided into IIA (subvaginal infiltration only) and IIB (parametrial 
extension) because of the more aggressive behavior of tumors with parametrial 
involvement (14). 


PRIKA AL 


View Figure 


Fig. 49-1: Clinical staging in carcinoma of vagina, International Federation of Gynecology and Obstetrics system. 
(From Dubeshter B, Lin J, Angel C, et al. Gynecologic tumors. In: Rubin P, ed. Clinical oncology: a multidisciplinar) 
approach for physicians and students, 7th ed. Philadelphia: WB Saunders, 1993:363-418, with permission.) 


Table 49-2: Clinical staging of malignant tumors of the vagina 


AJCC | FIGO 
Tx Primary tumor cannot be assessed 
Tis 0 Carcinoma in situ (intraepithelial) 
Invasive 
carcinoma 
T1 | Confined to vaginal mucosa 
T2 II Submucosal infiltration into parametrium, not extending out to 
pelvic wall 
Subvaginal infiltration, not into parametrium 
MA? | 
Parametrial infiltration, not extending to pelvic wall 
IIB? | 
T3 III Tumor extending to pelvic wall 
T4 IV Tumor extension to bladder or rectum or metastasis outside true 


|pelvis 


AJCC, American Joint Committee on Cancer; FIGO, International Federation of Gynecology 
and Obstetrics. 


“Proposed subdivision for stage II lesions. From Perez CA, Camel HM, Galakatos AE, et al. 
Definitive irradiation in carcinoma of the vagina: long-term evaluation of results. Int J Radiat 
Oncol Biol Phys 1988;15:1283-—1290, with permission. 


From Kottmeier HL. The classification and clinical staging of carcinoma of the uterus and 
vagina. J Int Fed Gynecol Obstet 1963;1:83—93, with permission. 


Pathology 
Epithelial Malignant Tumors 


e Epidermoid carcinoma accounts for approximately 90% of primary vaginal tumors, 
most of which are nonkeratinizing and moderately differentiated. 

e Primary vaginal carcinoma in situ and invasive carcinoma of the vagina have been 
reported in a few patients previously treated for carcinoma of the uterine cervix (10); 
these vaginal lesions may be marginal recurrences of the cervical lesions. 

e Verrucous carcinoma is a distinctive variant of well-differentiated squamous cell 
carcinoma that rarely occurs in the vagina (21). 

e Adenocarcinomas comprise approximately 5% of primary vaginal tumors and are 
found more frequently in older women. They usually arise from the Bartholin or Skene 
submucosal glandular epithelium. Clear cell adenocarcinoma of the vagina may be 
found in young patients (23). 

e Adenoid cystic carcinoma of the vagina is rare. Until 1996, only 45 cases of adenoid 
cystic carcinoma of Bartholin's gland were reported in the world literature. 

e Neuroendocrine small cell carcinoma may occur in the vagina, either in pure form or 
associated with squamous or glandular elements. It tends to be aggressive, with a 
propensity for early spread. 


Nonepithelial Tumors 


e Sarcomas (smooth muscle tumors) are the most common mesenchymal tumor of the 
vagina in adults. 


e Leiomyosarcomas comprise 68% of vaginal sarcomas in adults, whereas 
rhabdomyosarcomas comprise less than 2%. Rhabdomyosarcoma of the female 
genital tract represents approximately 90% of cases occurring in children under 5 
years of age (7). 

e Malignant melanomas account for 2.8% to 5.0% of all vaginal neoplasias (22). 
Hematogenous and lymphatic dissemination frequently occur; the 5-year survival rate 
is less than 10%. 


Malignant Lymphoma 


e Malignant lymphoma may be localized to the female genital tract or occur as part of a 
widespread disease process (6). 

e Most primary malignant lymphomas involving the vagina are the diffuse large cell 
type, but nodular lymphomas also may occur. 

e Characteristically, the mucosa is intact; a submucosal mass frequently is seen. 

e Marker studies are useful in equivocal cases of lymphomaz-like lesions. 


Prognostic Factors 


e The clinical stage of the tumor is the most significant prognostic factor, reflecting size 
and depth of penetration into the vaginal wall or surrounding tissues (3). 

e Patient age, extent of mucosal involvement, gross appearance of the lesion, and 
degree of differentiation and keratinization do not appear to be significant factors. 

e Compared with patients with squamous cell carcinoma, those with adenocarcinoma 
had a higher incidence of local recurrence (52% and 20%, respectively, at 10 years) 
and distant metastases (48% and 10%, respectively), and lower 10-year survival 
(20% versus 50%) (3). 

e Patients with nonepithelial tumors (sarcoma, melanoma) have a poor prognosis, with 
a high incidence of local failure and distant metastasis. 

e Chyle et al. (3) observed 17% pelvic relapse in patients with upper vagina tumors, 
36% with mid or lower, and 42% with whole-vaginal involvement. Local relapse for 
tumors in the posterior wall was 38%, compared with 22% for other locations. 
However, other authors, including us, found no correlation between location of the 
primary tumor and treatment results (17). 

e Overexpression of her-2-neu oncogenes in squamous cancer of the lower genital 
tract is rare and may be associated with aggressive biologic behavior (1). 


General Management 


e Surgery may be appropriate treatment (particularly in patients with localized 
intraepithelial disease) in young patients in whom there is a desire to preserve 
ovarian function and in those with verrucous carcinoma (21). However, surgery 
generally is discouraged because of the excellent tumor control and good functional 
results obtained with adequate irradiation. 

e Radiation therapy is the preferred treatment for most carcinomas of the vagina. 

e For locally extensive tumors, a combination of irradiation and surgery has been 
suggested to improve therapeutic results, although more complications may be seen 
from combined therapy. 


Carcinoma /n Situ 


e An intracavitary low dose rate application delivering 65 to 80 Gy to the involved 
vaginal mucosa usually is sufficient to control in situ lesions. 

e Because vaginal carcinoma tends to be multicentric, the entire vaginal mucosa 
should be treated to a dose of 50 to 60 Gy; higher doses may cause significant 
vaginal fibrosis and stenosis. 


Stage | 


e These invasive lesions are usually 0.5 to 1.0 cm thick and may involve one or more 
vaginal walls. 

e Superficial tumors may be treated with only an intracavitary cylinder covering the 
entire vagina (60-Gy low dose rate mucosal dose) and an additional 20- to 30-Gy 
mucosal boost dose to the tumor area. 

e If the lesion is thicker and localized to one wall, a dose of 60 to 65 Gy is delivered to 
the entire vaginal mucosa with a cylinder and an additional 15 to 20 Gy to the gross 
tumor, calculated 0.5 cm from the interstitial implant plane, with the involved vaginal 
mucosa receiving an estimated 80 to 100 Gy (Fig. 49-2). 

e Use of external-beam irradiation for stage | disease should be reserved for 
aggressive lesions (more invasive, infiltrating, or poorly differentiated) to supplement 
intracavitary and interstitial therapy. The whole pelvis is treated with 10 or 20 Gy; 
additional parametrial dose should be delivered with a midline 5 half-value layer block 
shielding the brachytherapy-treated volume to give a total of 45 to 50 Gy to the 
parametria. 
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Fig. 49-2: A, B: Diagrams of interstitial plane implant and intracavitary insertion for treatment of stage | carcinoma 


the vagina. Anteroposterior (C) and lateral (D) radiographs of single-plane implant with cesium 137 needles and 
intracavitary insertion with Delclos applicator. (A and B from Perez CA, Korba A, Sharma S. Dosimetric considerati 
in irradiation of carcinoma of the vagina. Int J Radiat Oncol Biol Phys 1977;2:639-649, with permission.) 


Stage IIA 


e Patients with stage IIA tumors have more advanced paravaginal disease without 
extensive parametrial infiltration and should be treated with a greater external 
irradiation dose: 20 to 30 Gy to the whole pelvis and additional parametrial dose with 
a midline block (5 half-value layer) for a total of 45 to 50 Gy. 

e A combination of interstitial and intracavitary therapy also may be used to deliver a 
minimum of 45 to 55 Gy 0.5 cm beyond the deep margin of the tumor (in addition to 
the whole-pelvis dose). Double-plane implants may be necessary because of 
extensive tumor volume. The total minimum tumor dose is 70 to 75 Gy at depth of 
tumor. 


Stages IIB, Ill, and IV 


e For advanced tumors, 40-Gy whole-pelvis and 55- to 60-Gy total-parametrial dose 
(with midline shielding) have been given in combination with interstitial and 
intracavitary insertions to deliver a total tumor dose of 75 to 80 Gy to the vaginal 
tumor and 65 Gy to parametrial and paravaginal extensions. 

e An interstitial implant boost of 20 to 25 Gy is sometimes given to patients with 
extensive parametrial infiltration. When this is combined with intracavitary insertions, 
maximum doses of 80 to 85 Gy are delivered to the vaginal mucosa with both 
modalities. 

e Technical details of brachytherapy are discussed in detail in other textbooks (15,16). 

e Boronow et al. (2) proposed an alternative to exenterative procedures for locally 
advanced vulvovaginal carcinoma, using radiation therapy (45 to 50 Gy) to treat the 
pelvic (internal genital) disease and a radical vulvectomy with bilateral inguinal node 
dissection to treat the external genital tumor. 


Small Cell Carcinoma 


e Asinsmall cell carcinoma of the lung, these tumors have a great propensity for 
distant dissemination and can be rapidly fatal. 

e Usual drugs used are cyclophosphamide, doxorubicin (Adriamycin), and vincristine 
sulfate (CAV), with administration of 8 to 12 cycles, some before initiation of 
irradiation (9). Cisplatin and etoposide (VP-16) are also frequently used. 

e Doses of irradiation are similar to those administered for squamous cell carcinoma. 


Clear Cell Adenocarcinoma 


e Most young women with clear cell adenocarcinoma (CCA) of the vagina have a 
history of prenatal exposure to diethylstilbestrol; however, some develop vaginal CCA 
without this history. 

e Surgery for stage | CCA may have the advantage of ovarian preservation and better 
vaginal function after skin graft; however, surgery for vaginal CCA requires removal of 
most of the vagina and reconstructive procedures. 

e A radical hysterectomy and lymph node dissection are necessary to encompass the 
area from the parametria and paracolpium to the side walls of the pelvis. 

e Periaortic nodes should be sampled before the procedure to determine if there is 
lymphatic disease beyond the pelvis. 

e Fletcher (5) and Wharton et al. (26) advocate intracavitary or transvaginal irradiation 
for treatment of small tumors because it may yield excellent tumor control with a 
functional vagina and preservation of ovarian function. 


e For more extensive lesions, external radiation therapy is essential. Techniques are 
similar to those described earlier. 


Vaginal Recurrences 


e Postirradiation local failures can sometimes be effectively treated with surgery. 

e Surgical procedures range from wide local excision or partial vaginectomy to posterior 
or total pelvic exenteration. 

e Meticulous and regular follow-up examinations are important to detect recurrences 
early. 


Nonepithelial Tumors 


e Rhabdomyosarcoma of the vagina generally is treated with a combination of surgical 
resection, irradiation, and systemic chemotherapy (19). With highly effective systemic 
chemotherapy and irradiation, radical surgery, including pelvic exenteration, is 
avoided in many patients. After complete resection, irradiation of the entire pelvis is 
not required, thus avoiding its adverse effects. 

e Vaginal melanomas are sometimes treated primarily with radical surgical resection 
(vaginectomy, hysterectomy, and pelvic lymphadenectomy) because these tumors 
are aggressive and, according to some authors, less suitable for radical excision (12). 

e Radical surgery occasionally has been used for treatment of localized malignant 
lymphomas of the vagina. Satisfactory results with a combination of external 
irradiation and intravaginal brachytherapy combined with chemotherapy have been 
reported. Six cycles of chemotherapy usually are given; most frequently, 
chemotherapy consists of cyclophosphamide, doxorubicin, vincristine, and 
prednisone (CHOP), or CHOP plus bleomycin sulfate (BACOP). 

e Patients with endodermal sinus tumor of the vagina preferentially are treated with 
surgery and chemotherapy, because this lesion often occurs in young women and 
preservation of ovarian function is desired. Brachytherapy may occasionally be used. 


Radiation Therapy Techniques 
e Radiation therapy guidelines for vaginal carcinoma are outlined in Table 49-3. 
External Irradiation 


e The technical approach to external irradiation of vaginal carcinoma is similar to that 
for carcinoma of the uterine cervix. 

e External irradiation should be administered using anteroposterior-posteroanterior 
(AP-PA) pelvic portals that encompass the entire vagina down to the introitus and 
pelvic lymph nodes to the upper portion of the common iliac chain. 

e Portals of 15cm x 15cm or 15cm x 18 cm at the skin (16.5 cm? or 16.5 cm x 20.5 
cm at isocenter) usually are adequate. 

e The distal margin of the tumor should be identified with a radiopaque marker or bead 
when simulation radiographs are taken. 

e In tumors involving the middle or lower third of the vagina, the inguinal and adjacent 
femoral lymph nodes should be electively treated (45 to 50 Gy), which requires a 
modification of the standard portals (Fig. 49-3A). 

e For patients with clinically palpable nodes, additional doses of 15 Gy (calculated at 4 
to 5 cm) are necessary with reducing portals (Fig. 49-3B). These doses can be 
achieved by using unequal loadings (AP2 to PA1) with 10- to 18-MV photons; a 2-cm 
bolus should be used when palpable lymph nodes are present. 

e Alternatively, equal loading with photons may be used to deliver 45 to 50 Gy to the 
pelvic and inguinal nodes. 


e |f necessary, reduced AP portals are used to deliver a boost dose to the inguinal 
nodes with cobalt 60 or electrons (12 to 16 MeV). Special attention is needed to avoid 
areas of overlap (Fig. 49-3B). 

e A combination of 6-MV x-rays on the AP portal and 18-MV photons on the PA portal 
yields a higher dose to the inguinal nodes, in relation to the midplane tumor dose. 

e After a specified tumor dose is delivered to the whole pelvis (20 to 40 Gy, depending 
on extent of tumor), a midline rectangular or wedge block is interposed (Fig. 49-3C), 
and additional irradiation is given to the parametrial tissues. 
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Fig. 49-3: A: Example of portal used to treat whole pelvis and inguinal lymph nodes in carcinoma of the vagina.B: 
Variation of treatment portals, with small fields to boost inguinal lymph node dose with cobalt 60 or electrons (12 to 
16 MeV). Overlap of this field should be carefully avoided. C: Step-wedged midline block is used to shield area 
treated with higher intracavitary doses (for portion of treatment). (From Perez CA, Garipagaoglu M. Vagina. In: 
Perez CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 
1998:1891-1914, with permission.) 


Brachytherapy 


e = Intracavitary therapy is carried out using vaginal cylinders such as the Burnett, 
Bloedorn, Delclos, or MIR afterloading vaginal (MIRALVA) applicator (18). 

e The largest possible diameter should be used to improve the ratio of mucosa to tumor 
dose. 


e =©Afterloading vaginal cylinders have been designed using a central hollow metallic 
cylinder (in which the sources are placed) and plastic "jackets," 2.5 cm in length and 
of varying diameters, which are inserted over the cylinder. 

e Insome instances, the cylinders have lead shielding to protect portions of the vagina. 

e When indicated, domed cylinders are used for homogeneous irradiation of the vaginal 
cuff. Delclos (4) recommends that a short cesium source be used at the top to obtain 
a uniform dose around the dome, since a lower dose is noted at the end of the linear 
cesium sources. 

e When the lesion is in the upper third, the upper vagina can be treated with the same 
intracavitary arrangement used for carcinoma of the uterine cervix, including an 
intrauterine tandem and vaginal colpostats. 

e The middle and distal vagina are treated with a subsequent insertion of a vaginal 
cylinder. If the entire dose has been delivered to the upper vagina, a blank source 
should be used in the cylinder. Otherwise, a lower-intensity source can be inserted to 
deliver the desired dose. 

e Alternatively, the insertion can be condensed into one procedure using the MIRALVA 
(afterloading vaginal applicator) designed by Perez et al. (18), which incorporates two 
ovoid sources and a central tandem that can be used to treat the entire vagina (alone 
or in combination with the uterine cervix). 

e When the tandem and vaginal cylinder are used, the strength of the sources in the 
ovoids should be 15 mgRaEaq. 

e The vaginal cylinder or uterine tandem never carries an active source at the level of 
the ovoids to prevent excessive doses to the bladder or rectum. 

e In general, the vulva is sutured with silk or chromic catgut for the duration of the 
cylinder implant. 

e Vaginal molds have been used for individualized intracavitary applications. 

e When any type of vaginal applicator is used, it is important to determine the surface 
dose in addition to the tumor dose. Tables have been generated for cesium 137 
sources. 

e Interstitial therapy with cesium 137, radium 226 needles, or afterloading iridium 192 
needles has been used. Depending on the extent and thickness of tumor, single- 
plane, double-plane, or volume implants should be planned. Californium 252 has 
been used in a few patients. 


High-Dose-Rate Brachytherapy 


e High-dose-rate (HDR) remote afterloading applicators are increasingly being used to 
treat gynecologic malignancies. 

e Nanavati et al. (13) reported on 13 patients with primary vaginal carcinoma treated 
with a combination of external irradiation (45 Gy to pelvis in 1.8-Gy daily fractions), 
HDR brachytherapy (10-Ci iridium 192 source), and a 3-cm diameter vaginal 
applicator (including intrauterine tandem with intact uterus). Initially, doses ranged 
from 20 to 28 Gy in 3 or 4 weekly fractions of 7 Gy. Because increased fractionation 
produced fewer complications, the dose prescription was changed to 20 Gy in four 5- 
Gy fractions. 

e Stock et al. (25) described results in 15 patients with carcinoma of the vagina treated 
with HDR brachytherapy combined with external irradiation (30 to 63 Gy with a 
median dose of 42 Gy, 1.8 to 2.92 Gy per fraction). HDR brachytherapy dose per 
treatment ranged from 3 to 8 Gy, with a median dose of 7 Gy, for a total dose of 21 
Gy; median interval between fractions was 2 weeks. The median total tumor dose 
from both components was 63 Gy. 


Table 49-3: Carcinoma of vagina: treatment guidelines at Mallinckrodt Institute of 
Radiology 


Total 
tumor 
External irradiation (Gy) dose (Gy) 


FIGO Whole Parametrial 


Stage pelvis | (midline block) Brachytherapy 
0 — — Intracavitary: 65-80 Gy SD to tumor, (65-80 
| 60 Gy to entire vagina | 
| Superficial — — Intracavitary: 65-80 Gy SD to entire 65-80 
vagina 
05cm — — Intracavitary/interstitial: 65-70 Gy at (65-70 
thick 0.5 cm (mucosa, 100 Gy) 
IIA 20 30 Intracavitary/interstitial: 60-65 Gy TD (70-75 i 
or 45-50 |— Intracavitary/interstitial:20-25 Gy TD |70-75 
IIB 20 30 Intracavitary/interstitial: 65-70 Gy TD |75 
or 45-50 — Intracavitary/interstitial:25-30 Gy TD |75 
Il, IV 40 |10? Intracavitary: 50—60 Gy (80 


Interstitial: 20—30 Gy boost to 
parametrium 


or 45-50 |— ‘Intracavitary/interstitial:30-35 Gy TD (80 


FIGO, International Federation of Gynecology and Obstetrics; SD, surface dose; TD, tumor 
dose. 


Note: Distal vagina lesions: inguinal lymph nodes receive 50 Gy (at 3 cm). Interstitial doses 
are usually calculated 0.5 cm from plane of implant. 


“Additional 10-Gy boost to parametrium. 


From Perez CA, Garipagaoglu M. Vagina. In: Perez CA, Brady LW, eds. Principles and 
practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:1891-1914, with 
permission. 


Chemotherapy 


e Minimal data exist on the use of chemotherapy in vaginal malignant neoplasias; it is 
used only as salvage therapy. 

e Drugs in which phase II evaluation in squamous cancer of the vagina has been 
reported are cisplatin, etoposide, mitoxantrone hydrochloride, doxorubicin 
(Adriamycin), lomustine, and semustine. Only doxorubicin had significant activity in 
squamous cancer of the vagina, although the numbers of patients in each study 
precluded a definitive statement regarding its activity (16). 


Other Therapeutic Approaches 


e Ryan etal. (24) described a vaginal applicator with a central obturator and an acrylic 
template for placement of microwave antennae and thermometry probes for 
administration of brachytherapy and hyperthermia; the applicator had been used in 
three patients with satisfactory results. 


Sequelae of Therapy 


e Perez et al. (17) reported grade 2 or 3 sequelae in approximately 7% of patients 
treated for stage 0 and | disease and in approximately 15% of patients with stage II 
lesions. One common major sequela was proctitis (1%). In stage Ill and IV disease, 


two rectovaginal and one vesicovaginal fistulae were noted in 32 patients (10%). 
Other sequelae included cystitis, vaginal necrosis or stenosis, and leg edema, seen in 
3% to 5% of patients. 

e The posterior wall of the vagina appears more sensitive to irradiation, as does the 
distal vaginal mucosa. In 16 patients with cancer of the vagina locally controlled for a 
minimum of 18 months, irradiation doses greater than 98 Gy to the lower vaginal 
mucosa (both external and brachytherapy contributions) resulted in a higher 
incidence of complications (8). The upper vagina (vault) tolerated doses up to 140 
Gy. The authors advocated dose rates of less than 0.8 Gy per hour. 

e Of 301 patients, 39 (13%) developed 48 grade 2 or greater sequelae, including rectal 
ulceration or proctitis in 10 patients (3 requiring colostomy), small bowel obstruction in 
7, rectovaginal fistula in 6, vesicovaginal fistula in 4, vesicoperitoneal/cutaneous 
fistula in 2, and vaginal ulceration/necrosis in 8 (3). Fewer complications developed 
with stage 0 or | tumors (8% to 9%) than with more advanced stages (14% to 40%). 
Vaginal ulceration was observed in 8 of 206 patients (4%) treated with brachytherapy 
but in none of 95 patients receiving no brachytherapy (p = .06). 
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Anatomy 


e The vulva consists of the mons pubis, clitoris, labia majora and minora, vaginal 
vestibule, and their supporting subcutaneous tissues, and blends with the urinary 
meatus anteriorly and the perineum and anus posteriorly. 

e The Bartholin glands, two small mucus-secreting glands, are situated within the 
subcutaneous tissue of the posterior labia majora. 

e _Lymphatics of the labia drain into the superficial inguinal and femoral lymph nodes, 
located anterior to the cribriform plate and fascia lata; they penetrate the cribriform 
fascia and reach the deep femoral nodes. There are usually three to five deep nodes, 
the most superior of which, located under the inguinal ligament, is known as 
Cloquet's node (3). From these, the lymph drains into the pelvic lymphatics (external 
and common iliac lymph nodes). 

e Lymphatics of the fourchette, perineum, and prepuce follow the lymphatics of the 
labia. 

e Lymph from the glans clitoris drains not only to the inguinal nodes but also to the 
deep femoral nodes. Some lymphatics originating in the clitoris may enter the pelvis 
directly, connecting with the obturator and external iliac lymph nodes and bypassing 
the femoral area (Fig. 50-1). 
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Fig. 50-1: Lymphatic drainage of the vulva initially flows to the superficial inguinal nodes, then to the deep femoral 
and iliac groups. Drainage from midline structures may flow directly beneath the symphysis to the pelvic nodes. 
(From Plentl AA, Friedman EA, eds. Lymphatic system of the female genitalia. Philadelphia: WB Saunders, 1971, 
with permission.) 


Natural History 


e Over 70% of vulvar malignancies arise in the labia majora and minora, 10% to 15% in 
the clitoris, and 4% to 5% in the perineum and fourchette. The vestibule, Bartholin's 
gland, and the clitoral prepuce are unusual primary sites, each accounting for less 
than 1% of vulvar cancers (21). 

e Carcinomas arising in the vulvar area ordinarily follow a predictable pattern of spread 
to the regional lymphatic nodes. Superficial inguinofemoral lymph nodes are involved 
first, followed by the deep inguinofemoral nodes. Metastasis to the contralateral 
inguinal or pelvic lymph nodes is very unusual in the absence of ipsilateral 
inguinofemoral node metastasis. 

e Although lesions arising in or involving the glans clitoris or urethra theoretically can 
spread to pelvic lymph nodes through the channels that bypass the inguinal areas, 
such metastases without inguinal node involvement occur infrequently. 

e The incidence of inguinal lymph node metastasis in surgically staged patients is 6% 
to 50%, depending on depth of tumor invasion (2,29). 

e Approximately 20% to 30% of patients with histologically proven involvement of the 
femoral nodes show deep pelvic lymph node involvement if pelvic lymphadenectomy 
is performed (2). 

e Hematogenous dissemination is unusual and is a manifestation of late disease. 

e The most common metastatic sites are lung, liver, and bone. 


Clinical Presentation 


e Mass in the vulva is the most common complaint of patients with vulvar carcinoma; 
pruritus, bleeding, and pain also are noted. Up to 20% of patients are asymptomatic. 

e Some women present with advanced disease, with local pain, bleeding, and surface 
drainage from the tumor. 


Diagnostic Workup 


e Clinical history and a complete physical examination are essential. In addition to 
assessment of the vulvar and anal area and perineum, the vagina and cervix should 
be thoroughly inspected. 

e A Papanicolaou smear of the cervix and vagina should be performed. 

e Careful bimanual pelvic examination is mandatory. 

e Besides careful determination of the extent and depth of the primary lesion (size, 
fixation, etc.), assessment of the regional lymph nodes is critical. Because of frequent 
inflammatory lymphadenopathy in the inguinal area, lymph node assessment in 
vulvar tumors has a substantial rate of error. 

e Chest radiographs should routinely be obtained. 

e Other studies include cystoscopy, proctosigmoidoscopy, barium enema, and 
intravenous pyelogram, when indicated. 

e Computed tomography (CT) or magnetic resonance imaging may aid in the outline of 
tumor extent and in evaluating the inguinal and pelvic/periaortic lymph nodes. 

e Radiographic evaluation of regional lymphatics is of limited value and is rarely used. 

e Preoperative lymphography correlated with the surgical specimens showed an overall 
accuracy of 54.5%, with a sensitivity of 15.7% and a specificity of 66.1% (30). 

e The standard workup for these patients is shown in Table 50-1. 


e Metastatic disease in the groin lymph nodes or at distant sites may also be 
symptomatic. 


Table 50-1: Diagnostic workup for vulva tumors 
General 
History 
Physical examination, including careful bimanual pelvic examination 
Special studies 
Exfoliative cytology of cervix and vagina 
Colposcopy and directed biopsies (including Schiller's test) 
Biopsies and examination under anesthesia to determine tumor extent 
Cytoscopy 
Proctosigmoidoscopy (as indicated) 
Radiographic studies 
Standard 
Chest radiographs 
Intravenous pyelogram 
Complementary 
Barium enema 
Lymphangiogram 
Computed tomography or magnetic resonance imaging scans of pelvis and abdomen 
Laboratory studies 
Complete blood cell count 


| Blood chemistry | 


| Urinalysis | 


From Perez CA, Grigsby PW, Chao KSC, et al. Vulva. In: Perez CA, Brady LW, eds. 
Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 
1998:1915-1942, with permission. 


Staging 


e The International Federation of Gynecology and Obstetrics (FIGO) adopted a 
modified surgical staging system for vulvar cancer in 1989 (4,26). 

e Amicroinvasive substage (IA) was defined at the most recent FIGO meeting for 
tumors less than 2 cm in diameter with depth of invasion less than 1 mm. 

e Tumor assessment is based on physical examination with endoscopy in cases of 
bulky disease. 

e Nodal status is determined by surgical evaluation of the groins. 

e The American Joint Committee on Cancer and FIGO staging systems are shown in 
Table 50-2 and Figure 50-2. 


View Figure 


Figure 50-2: Anatomic staging for vulva cancer. (From DuBeshter B, Lin J, Angel C, et al. Gynecologic tumors. In: 
Rubin P, ed. Clinical oncology for physicians and medical students: a multidisciplinary approach, 7th ed. 
Philadelphia: WB Saunders, 1993:363—418, with permission.) 


Table 50-2: TNM and staging classifications for carcinoma of the vulva? 


== 


| 
| TNM staging | FIGO staging, 1988 | 
T Primary tumor | | | | 


Stage Tis Carcinoma in situ; 
0 intraepithelial carcinoma 
Tis |Preinvasive carcinoma (carcinoma in|Stage T1NOMO Tumor confined to the vulva 
situ) | and/or perineum, 2 cm or less 
in greatest dimension. No 
nodal metastasis. 
T1 Tumor confined to the vulva and/or |Stage |T2NOMO (Tumor confined to the vulva 
perineum, 2 cm or less in diameter |I and/or perineum, more than 2 
cm in greatest dimension. No 
nodal metastasis. 
T2 /Tumor confined to the vulva and/or |Stage T3NOMO (Tumor of any size with the 
perineum, more than 2 cm in HT following: 
diameter 
T3 Tumor of any size with adjacent T3N1MO Adjacent spread to the lower 
spread to the urethra, vagina, anus, urethra, vagina, anus, and/or 
or all of these the following: 
T4 Tumor of any size infiltrating the TIN1MO_ | Unilateral regional lymph node 
bladder mucosa or the rectal metastasis 


mucosa or both, including the upper 
part of the urethral mucosa or fixed 


to the anus 
N Regional lymph nodes Stage T1N2MO Tumor invades any of the 
IVA following: 

NO No nodes palpable T2N2M0_ Upper urethra, bladder 
mucosa, rectal mucosa, pelvic 
bone, and/or bilateral regional 
node metastases 

N1 Unilateral regional lymph node T3N2M0 

metastasis 
N2 Bilateral regional lymph node T4, any 
metastases N, MO 
M Distant metastases Stage Any T, Any distant metastasis, 


IVB any N, M1 (including pelvic lymph nodes 
MO No clinical metastasis 


M1 Distant metastasis (including pelvic 
lymph node metastasis) 


FIGO, International Federation of Gynecology and Obstetrics; TNM, tumor-node-metastasis. 
“Italicized words indicate changes from the pre-1988 definitions. 


From Creasman WT. New gynecologic cancer staging. Obstet Gynecol 1990;75:287-288. In: 
Herbst Al. Premalignant and malignant disease of the vulva. In: Herbst Al, Mishell DR Jr, 
Stenchener MA, et al., eds. Comprehensive gynecology, 2nd ed. St. Louis, MO: Mosby—Year 
Book, 1990:989-—1018, with permission. 


Pathologic Classification 


e Preinvasive forms of vulvar malignancy include carcinoma in situ (Bowen's disease or 
erythroplasia of Queyrat and Paget's disease). 

e Paget's disease is equivalent to the same entity in the breast and is associated with 
invasive apocrine carcinoma in approximately 20% to 30% of cases (27). 


e Squamous cell carcinoma comprises over 90% of invasive lesions of the vulva. 
Histologically, most squamous cell carcinomas are well differentiated with keratin 
formation; 5% to 10% are anaplastic. 

e Two variants of squamous cell carcinoma that are infrequently described are 
adenosquamous and basaloid carcinoma. These tumors may be exophytic and well 
differentiated and may invade locally, but they rarely metastasize. 

e Verrucous carcinoma of the vulva is extremely rare. The incidence of lymph node 
metastasis is very low. The preferred treatment is wide surgical excision. 

e Basal cell carcinoma of the vulva is occasionally reported (20). 

e Adenoid cystic carcinoma of the Bartholin's gland constitutes approximately 10% of 
all carcinomas of this gland and approximately 0.1% of all vulvar malignancies (18). 

e Adenocarcinomas may originate from the periurethral Skene's glands, but most arise 
either in Bartholin's gland or from bulboadnexal structures associated with Paget's 
disease (15). 

e Bartholin's gland carcinoma occasionally may be squamous cell when it originates 
near the orifice of the duct, papillary if it arises from the transitional epithelium of the 
duct, or adenocarcinoma when it arises from the gland itself. 

e Melanoma represents 2% to 9% of vulvar malignancies; nodular and superficial 
spreading melanoma varieties are described. As in other locations, the depth of 
invasion correlates with patterns of spread and prognosis (4). 

e Sarcomas of the vulva are extremely rare; leiomyosarcoma is the most common. 
Neurofibrosarcoma, rhabdomyosarcoma, fibrosarcoma, and angiosarcoma have 
been reported (27). 

e Metastatic carcinomas to the vulva from the uterine cervix (most common), the 
endometrium, or the ovary, as well as extension or metastases from the urethra or 
the vagina, have been reported. 


Prognostic Factors 


e Lymph node metastasis is the single most important prognostic factor in women with 
vulvar cancer. The presence of inguinal node metastases routinely results in a 50% 
reduction in long-term survival (6). 

e Tumor size, depth of invasion, and histologic subtype, as well as degree of lymphatic 
and vascular invasion, correlate closely with the incidence of regional lymph node 
involvement and prognosis (25). 

e Depth of invasion of 1, 2, and 3 mm corresponded to a 4.3%, 7.8%, and 17% 
incidence of nodal involvement, respectively (22). Perineural invasion was strongly 
associated with lymph node metastasis. 

e The incidence of lymph node involvement correlates well with FIGO clinical stage. 
Donaldson et al. (5) reported that 15% of patients with clinical stage | disease, 40% 
with stage II, 80% with stage Ill, and 100% of patients with stage IV disease had 
confirmed regional lymph node involvement. Sedlis et al. (25) found regional node 
involvement with stages I, Il, Ill, and IV to be 8.9%, 25.3%, 31.1%, and 62.5%, 
respectively. 

e Extension of the primary tumor to the urethra, vagina, and anal area is associated 
with an increased incidence of nodal involvement and worsening of prognosis. 
Treatment usually involves either exenterative surgery or a combination of surgery 
and irradiation. 

e On multivariate analysis, age, lymphatic spread, tumor thickness, and ulceration were 
relevant prognostic factors (14). 

e Local recurrence is related to the adequacy of the surgical resection margins. In an 
analysis of formalin-fixed tissue specimens, there was a sharp rise in the incidence of 
local recurrence for tumors with microscopic margins less than 8 mm (8). 

e In Gynecologic Oncology Group (GOG) protocol No. 36, the two significant risk 
factors for recurrence in the vulva were tumor size greater than 4 cm and capillary 
lymphatic space involvement. 

e Origoni et al. (17) and van der Velden et al. (28) noted that extracapsular extension 
was of prognostic value, even in patients with a single positive lymph node. Thus, 


extranodal extension is an indication for adjuvant irradiation even in patients with 
single-node metastatic disease. 


General Management 


Stage | and Il Tumors 


Treatment of women with vulvar cancer is evolving, with greater emphasis on 
prognostic factors and organ preservation. 

The preinvasive forms of vulvar malignancies (carcinoma in situ and Paget's disease) 
and microinvasive tumors can be treated with topical chemotherapy, cryosurgery, or 
surgical resection. The preferred method of treatment is surgery, which varies from 
wide local excision to partial vulvectomy (3). 

Many gynecologists have proposed limited resections for smaller, invasive vulvar 
tumors that are considered to represent early or low-risk disease. 

The traditional management of patients with invasive stage | and II disease consists 
of radical vulvectomy with inguinofemoral lymphadenectomy (3,14). 

Although many surgeons have proceeded with pelvic lymphadenectomy, the current 
policies at some institutions reserve this procedure only for patients with clinically 
positive inguinofemoral lymph nodes. Attempts are being made to omit inguinal 
lymphadenectomy in patients with small, low-grade primary lesions and to omit pelvic 
lymphadenectomy in patients with three or fewer involved inguinal nodes, provided 
the primary lesion does not invade the clitoris, urethra, vagina, or anal region. 
Because of the morbidity associated with radical vulvectomy, there is increasing use 
of wide local excision or partial vulvectomy to remove the primary tumor (usually T1) 
and, if necessary, an inguinofemoral lymph node dissection in patients with clinically 
positive nodes, combined with moderate doses of irradiation to the remaining vulva 
and regional lymph node-bearing areas (50 Gy for subclinical disease with a boost of 


10 to 15 Gy through reduced portals for microscopically involved areas) (18). 


e Treatment options are shown in Figure 50-3. 


e The role of radiation therapy alone in the primary management of carcinoma of the 
vulva remains controversial, primarily because of a lack of long-term data on the 
results of treatment with modern techniques and because of the traditional belief that 


vulvar tissues could not tolerate high doses of irradiation (over 60 Gy). 


e This misconception has been corrected (19), and doses of 65 to 70 Gy in 7 to 8 


weeks are delivered, with reduced fields, to gross tumor volumes. 


Figure 50-3: Algorithm 
illustrating various therapeutic 
options for patients with 
favorable or unfavorable 
operable carcinoma of the 
vulva. BIND, bilateral inguinal 
node dissection; LN, lymph 
node; RT, radiation therapy; 
UIND, unilateral inguinal node 
dissection. (From Perez CA, 
Grigsby PW, Chao KSC, et al. 
Vulva. In: Perez CA, Brady LV 
eds. Principles and practice oi 
radiation oncology, 3rd ed. 
Philadelphia: Lippincott—-Raver 
1998:1915-1942, with 
permission.) 


OPERABLE VULVA LESIONS 


se ae 


FAVORABLE TUMOR UNFAVORABLE TUMOR 
LATERALIZED T1,T2 TUMOR ADVANCED T3 TUMOR 
SELECTED T3 TUMOR 


CLITORIS, PERINEUM INVOLVED 
MULTIPLE ENLARGED NODES 


| 
SPHINCTER PRESERVATION DESIRED 


SPHINCTER PRESERVATION { +} 
MOVABLE INGUINAL NODES 


CLINICALLY N+ CLINICALLY N- 
TUMOR APPROACHING MIDLINE TUMOR NOT APPROACHING ft E? 
MIDUNE 
| NO YES 


VULVECTOMY VULVECTOMY | | 


URN PRE-OPERATIVE RT 
Sg ee SURGERY (45-50 Gy / 5-6 weeks) 
Margins <1 cm or, CHEMORADIOTHERAPY 
! 


or. Cap#lary lymphatic space positive 
or. > 1 node (+) | 


or, extracapsular extension of LN 


YES NO 
| | POST-OP RT SURGERY 


POST-OP RT OBSERVATION (?) POST-OP AT BOOST 


{ 50 Gy / 5-6 weeks) 


Stage Ill and IV Tumors 


Some of the more extensive stage III and IV tumors can be completely resected by 
radical vulvectomy or a variation of pelvic exenteration and vulvectomy. 

Radical surgery is frequently ineffective in curing patients with bulky tumors or 
positive groin nodes; however, most recent therapeutic efforts have focused on 
preoperative multimodality treatment that combines radiation therapy or 
chemoirradiation with less-radical surgery (3). 

Radiation therapy often is used (sometimes in combination with chemotherapy) for 
palliation or treatment of patients who are not amenable to radical surgical resection. 
A treatment algorithm is shown in Figure 50-4. 

Table 50-3 summarizes treatment guidelines for carcinoma of the vulva at 
Washington University, St. Louis, MO. 


Figure 50-4: Algorithm illustrating therapeutic 
options for patients with locally advanced or 
inoperable carcinoma of the vulva. RT, 
radiation therapy. (From Perez CA, Grigsby 
PW, Chao KSC, et al. Vulva. In: Perez CA, 
Brady LW, eds. Principles and practice of 
radiation oncology, 3rd ed. Philadelphia: 
Lippincott-Raven, 1998:1915—1942, with 
permission.) 
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we 


LOCALLY ADVANCED TUMOR MEDICALLY INOPERABLE 


FIXED TO SURROUNDING TISSUES | 
or. T4 TUMORS | 
or. FIXED INGUINAL NODES | 

| 


PRE-OPERATIVE RT DEFINITIVE RT 
( 45-50 Gy / 5-6 wks) ( 65-70 Gy / 7-8 wks ) 
CHEMORADIOTHERAPY CHEMORADIOTHERAPY 
INOPERABLE OPERABLE 
RT BOOST SURGERY 
( 15-20 Gy ) (?) RT BOOST 


Management of Patients with Positive Nodes 


e Patients with clinically positive inguinal nodes may benefit from a course of 
preoperative irradiation (45 to 50 Gy), as suggested by Boronow et al. (1), or 
irradiation combined with chemotherapy, as shown in recent institutional reports (13) 
and in a GOG clinical trial (16). The GOG trial enrolled 46 patients to undergo a split 
course of radiation—47.6 Gy to the primary and lymph nodes—with concurrent 
cisplatin/5-fluorouracil, followed by surgery. The specimen of the lymph nodes was 
histologically negative in 15 of 37 patients who completed chemoradiotherapy. After 
surgery, local control of disease in the lymph nodes was achieved in 36 out of 37 
patients, and in the primary area in 29 out of 38 patients. Twenty patients are alive 
and disease-free, and five have expired without evidence of recurrence or metastasis. 
Two patients died of treatment-related complications (16). 

e Patients who undergo bilateral inguinofemoral lymphadenectomy as initial therapy 
and are found to have positive nodes—particularly more than one positive node—will 
benefit from postoperative irradiation to the groins and pelvis (9). 

e Radiation therapy is superior to surgery in the management of patients with positive 
pelvic nodes (9). 


Radiation Therapy Techniques 


e In general, irradiation will encompass the vulvar area and the inguinofemoral (and in 
some patients, the pelvic) lymph nodes, while minimizing the dose to the femoral 
heads. 


Irradiation Alone 


e Inthe occasional medically inoperable patient, small superficial lesions may be 
controlled with 60 to 65 Gy of irradiation alone. 

e For larger tumors, the primary lesion needs to be irradiated with reduced fields to a 
dose of approximately 70 Gy. 

e Itis important to use daily fractionation of 1.6 to 1.8 Gy in 5 weekly fractions. 

e Parallel-opposed anterior and posterior portals most frequently are used, 
preferentially loaded anteriorly (or a high-energy photon single anterior beam with 
bolus) that covers the vulva and regional lymphatics to deliver 45 to 50 Gy to an 
appropriate depth. 


e Bolus material is essential over the areas of the skin (vulva) that are at risk for tumor 
involvement. 

e Interruption of the irradiation course frequently is necessary in the third or fourth week 
of treatment to prevent severe moist desquamation and maceration of the perineal 
skin. 

e After a dose of 45 to 50 Gy is delivered to the vulvar area, a 6- to 9-MeV electron 
beam or low-energy photon beam (4 to 6 MV) aimed directly at the vulva is used to 
deliver an additional 10 to 20 Gy to gross or microscopic tumor volumes. An 
interstitial implant also may be considered to deliver the boost dose to the primary 
tumor. 

e Palpable metastatic inguinofemoral lymph nodes receive an additional dose (15 to 20 
Gy), preferably with electrons to decrease the dose to the underlying bones. The 
energy (12 to 20 MeV) is determined with CT scans. 


Regional Lymphatics 


e Inpatients with primary lesions less than 2 cm in diameter, the probability of nodal 
involvement is low; irradiation of the pelvic lymph nodes is omitted, and only the 
inguinofemoral nodes are treated (Fig. 50-5A). 

e İn patients with primary tumors larger than 2 cm and with no clinical evidence of 
regional lymphatic involvement, the inguinal and pelvic lymph nodes may be treated 
electively to a dose of 45 to 50 Gy in 1.8- to 2.0-Gy fractions per day in lieu of lymph 
node dissection (Fig. 50-5B). 

e For palpable inguinal lymph nodes, the dose to the inguinofemoral lymph nodes 
needs to be 65 to 70 Gy (with reduced fields after 50 Gy), depending on the size of 
the involved nodes. 

e When there is evidence of spread to the pelvic nodes, the dose must be increased to 
60 Gy. 

e Because some patients with involved pelvic lymph nodes are potentially curable, 
irradiation of the lower periaortic chain in the presence of pelvic lymph node 
involvement might be appropriate. 

e Inpatients in whom the pelvic nodes must be treated, anterior and posterior portals 
covering the vulvar and regional lymphatic volumes are required. 

e Figure 50-6 illustrates the usual anatomic positions of involved inguinofemoral lymph 
nodes. 


Fig. 50-5: A: Portal for elective irradiation of regional lymphatics in patients with no clinical evidence of inguinal 
lymph node involvement. B: Portal for irradiation of pelvic and inguinofemoral lymph nodes and vulvar area. The 


groins are subsequently boosted to a total of 60 to 65 Gy. A final boost of 5 to 10 Gy to the positive inguinal lymph 
nodes may be given with further field reduction, bringing the total dose to that area to approximately 70 Gy. (From 
Perez CA, Grigsby PW, Chao KSC, et al. Vulva. In: Perez CA, Brady LW, eds. Principles and practice of radiation 
oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:1915—1942, with permission.) 


Fig. 50-6: Topographic distribution of inguinal lymph node metastases in 
patients with carcinoma of vulva-vagina-cervix (triangles), urethra (squares) 
or anus-low rectum (circles). (From Wang Cu, Chin YY, Leung SW, et al. 
Topographic distribution of inguinal lymph nodes metastasis: significance in 
determination of treatment margin for elective inguinal lymph nodes irradiati 
of low pelvic tumors. Int J Radiat Oncol Biol Phys 1996;35:133-136, with 
permission.) 


Preoperative Radiation Therapy 


e Patients with advanced primary lesions involving surrounding structures, which are 
either of questionable resectability or are clearly unresectable, should receive 
preoperative irradiation (45 to 50 Gy in 5 to 6 weeks) (1). 

e When an inguinal lymph node dissection is performed and only superficial node 
involvement (three or more) is detected, postoperative irradiation is given only to the 
inguinofemoral lymph nodes (50 Gy at 4 to 6 cm); a boost of 5 to 10 Gy may be 
administered with electron beam, depending on the number of nodes, size, or 
extracapsular extension of the tumor. 

e Patients with metastatic deep inguinofemoral nodes found at node dissection may 
benefit from postoperative irradiation, including the pelvic lymphatics, consisting of 50 
Gy at the midplane of the pelvis in 5 to 6 weeks. 


Patient Positioning and Simulation 


e The patient usually is treated in the supine "frog-leg" position, with the knees apart 
and the feet together (Fig. 50-7). 

e A cast or alpha cradle in the treatment position facilitates everyday repositioning. 

e When the patient is simulated, wires should be used to identify surgical scars or 
palpable or visible lesions, including lymph nodes. 

e If the vagina or perineum is involved, a radiopaque marker should be placed to 
identify the tumor margins on the radiographs. 

e For tumors involving the urethra, a urethral catheter, if tolerated by the patient, may 
aid in tumor localization. 

e During simulation, consideration should be given to designing and constructing 
compensating filters to achieve a more homogeneous dose in the entire target 
volume to compensate for the sloping surface and decreased diameter of the 
perineum. 


D B 


Fig. 50-7: A: Supine frog-leg position for irradiation of vulva and inguinal pelvic lymph nodes. The patient's thighs 
are abducted and outwardly rotated so that the inguinal folds are stretched flat. B: Example of portal used for 
irradiation of vulva and inguinofemoral lymph nodes with patient in treatment position. (From Pao WM, Perez CA, 
Kuske RR, et al. Radiation therapy and conservation surgery for primary and recurrent carcinoma of the vulva: rep 
of 40 patients and a review of the literature. Int J Radiat Oncol Biol Phys 1988;14:1123-1132, with permission.) 


Beams and Energies 


e Depending on the available equipment, either an anteroposterior beam or 
differentially loaded parallel opposed anteroposterior-posteroanterior or electron 
beam (for part of the treatment) can be used. 

e |f only the vulva and inguinofemoral lymph nodes are treated, cobalt 60 or 4- to 6-MV 
x-rays through an anterior portal and high-energy (greater than 10 MV) x-rays through 
a posterior portal may be adequate. 

e Care must be taken to deliver adequate doses not only to the primary tumor area and 
superficial inguinal nodes but also to the femoral and deep pelvic nodes (Fig. 50-8). 

e Higher-energy photon beams (15 to 18 MV), with unequal loading (AP3 to PA2) and 
bolus on the anterior portal, can be used. An alternative is to treat the anterior portal 
with cobalt 60 or 4- to 6-MV x-rays and the posterior portal with high-energy photon 
beam (15 to 18 MV). 

e = Kalnicki et al. (11) and King et al. (12) described a technique using a partial- 
transmission block that reduces the dose to the femoral heads. 

e CT is helpful both for treatment planning and for the evaluation of size and depth of 
tumor and regional lymph nodes. 

e Gross tumor in the vulva or nodal areas may be boosted with en face electron fields; 
the energy for the vulva is 6 to 9 MeV, using 1.0- to 1.5-cm bolus. 

e The electron-beam energy used to irradiate lymph nodes (which usually are 4 to 6 or 
even 8 cm deep) depends on the depth of the inguinal nodes, which must be 
determined by CT scanning. 

e |In some cases, interstitial implants or en face electron fields may be used to boost the 
dose to the primary site. 

e Because of the sloping surface of the perineum, higher doses may be delivered to 
this area when the tumor dose is calculated at the central axis of the portal and no 
compensators are used. 

e Although dry or moist desquamation frequently is observed, we still favor the use of 
bolus in areas potentially involved by tumor. 


6 MVX = AP ~ 3000 cGy 
© MVX ~ PA ~ 2000 cGy 
Pelvis, Patient Pelvis 3:2 A/P CLE 


18 MV photons—AP-PA—4000 cGy TD 
5°Co—AP—1000 cGy TD 


C 
View Figure 

Fig. 50-8: Representative treatment plans for irradiation of vulvar region and regional lymphatics. A: Parallel-oppo: 
18-MV photon beams, preferentially loaded anteriorly (27 Gy anteriorly, 18 Gy posteriorly); bolus is added over 
inguinal areas to improve dose distribution in subcutaneous tissues in that area. A 15-Gy boost using 16-MeV 
electrons (without bolus) is added to groin. B and C: Alternative setups with different beam energies and loadings. 
anteroposterior; PA, posteroanterior; TD, tumor dose. (From Perez CA, Grigsby PW, Chao KSC, et al. Vulva. In: P 
CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:19 
1942, with permission.) 


Treatment for Recurrent Lesions 


e Some recurrent lesions may be treated surgically (3). 

e Recurrences after surgical resection remain potentially curable and must be treated 
aggressively in the manner described earlier to deliver tumor doses of 65 to 70 Gy 
with reducing fields. 


Sequelae of Treatment 


e Common sequelae associated with radical surgery include those related to wound 
problems, primarily infection and necrosis. 

e The reported incidence of wound infection varies greatly; Iversen et al. (10) observed 
itin 5.7% of patients and Boutselis (2) in 50% of patients. 

e The incidence of wound dehiscence and necrosis varies from 30% to 50% (2). 


e Leg edema is a serious complication of nodal dissection. Transient edema occurred 
in approximately 14% of patients reported on by Boutselis (2) and Rutledge et al. 
(23). Chronic (persistent) edema was 71% (2) and 20% (23), respectively. 

e Operative mortality varies from 3% to 6%. 

e With a tumor at the skin or mucosal surface (which requires that the peak dose be at 
the surface), it is expected that all patients will have a significant acute cutaneous and 
mucosal reaction. Of more concern, however, is the incidence of late (chronic) 
sequelae, some of which can be attributed to the fractionation used. 

e Schulz et al. (24) reported a very high incidence of complications with 5-Gy fractions. 
The rate has been consistently low in patients treated with 2 Gy per day or with 
similar fractionation (3). 

e Significant treatment morbidity in 86 patients treated at Washington University, St. 
Louis, MO, included one rectovaginal fistula, one case of proctitis, one rectal stricture, 
four bone or skin necroses, five vaginal necroses, and one groin soft tissue necrosis 
(18). 

e Necrosis and fracture of the femoral head/neck occasionally may be observed; 
Grigsby et al. (7) reported a 5% actuarial 5-year incidence of fractures in patients 
receiving doses of 50 Gy or higher. 

e Cosmetic results with conservation surgery and irradiation may be rewarding if 
appropriate surgical and irradiation techniques are applied. 
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Anatomy 


e The retroperitoneum is the region of the trunk covered anteriorly by the parietal 
peritoneum. 

e Superiorly, it is bounded by the twelfth rib and the diaphragm. 

e The pelvic diaphragm with the fascia of the levator ani and coccygeus muscles forms 
the inferior boundary. 

e Posteriorly, it is bounded by the fascia of the muscles of the abdominal wall (Fig. 51- 
1). 

e Because of the rigidity of the posterior, cephalad, and caudal boundaries, the most 
common route of expansion and invasion for retroperitoneal tumors is anteriorly into 
the abdominal cavity. 


The retroperitoneum Fig. 51-1: Sagittal view of the trunk, 
showing the retroperitoneal space 
(shaded area). The kidney is outlined by 
dots. (From Wasserman TH, Tepper JE. 
Retroperitoneum. In: Perez CA, Brady 
LW, eds. Principles and practice of 
radiation oncology, 3rd ed. Philadelphia: 
Lippincott-Raven, 1998:1943—1956, with 
permission.) 


View Figure 


Natural History 


e The histology of a retroperitoneal tumor tends to predict the mode of invasion. 

e Benign soft tissue tumors and well-differentiated sarcomas (myxoid liposarcomas) 
tend to grow in an expansile manner. 

e High-grade sarcomas, germ cell neoplasms, and lymphomas often invade and 
surround the aorta and its main tributaries and the vena cava. 

e Small round cell tumors (neuroblastoma and rhabdomyosarcoma) can invade into the 
intervertebral foramina in a dumbbell shape. 

e The incidence of adjacent organ involvement is 60% to 70% (2,15). 


Clinical Presentation 


e Patients present with complaints of abdominal pain or a mass in 60% to 80% of 
cases. 

e Fifty percent of patients have weight loss and loss of appetite at diagnosis. 

e Patients with sarcomas tend not to seek medical treatment until the tumors are large, 
because these tumors are usually asymptomatic. Patients with a germ cell tumor or 
lymphoma become more acutely ill. 

e Several retroperitoneal tumors are associated with paraneoplastic syndromes. 

e Germ cell tumors can cause precocious puberty in children, and neuroblastoma can 
produce opsoclonic myoclonus. 

e Retroperitoneal liposarcoma or lipoma can produce intermittent hypoglycemia. 

e Extraadrenal retroperitoneal paraganglioma can produce symptoms of excessive 
catecholamine. 


Diagnostic Workup 


Evaluation should focus on three factors: physiologic status of the patient, extent of 
tumor involvement, and histologic characteristics. 

In addition to a thorough history and physical examination, a complete blood cell 
count and blood studies are required to assess the baseline bone marrow, hepatic, 
and renal status. 

Computed tomography (CT) has changed the detection and staging of retroperitoneal 
neoplasms because it can delineate tumor size and extent with more than 90% 
accuracy (19). The ability of CT to predict histology has been more disappointing. 
CT has made it possible to obtain histologic and cytologic specimens by needle 
biopsy, thus enabling a diagnosis without a laparotomy (7,25). 

Magnetic resonance imaging can also be used to study retroperitoneal tumors. 
Chang et al. (1) from the National Cancer Institute (NCI) showed that MR imaging 
was significantly better than CT at delineating tumor from muscle in sarcomas using 
T2-weighted spin-echo and inversion-recovery sequences in a study of 20 patients. 


Staging System 


Pathol 


Staging for retroperitoneal tumors is based on histology 
ogic Classification 


Retroperitoneal neoplasms are extremely diverse in histopathology because of the 
embryologic origin of the region in which the mesoderm, urogenital ridge, and neural 
crest develop (Table 51-1). 

Mesenchymal neoplasms predominate in adults. Lipoma and liposarcoma, the most 
common histopathologic subtypes, constitute 25% to 50% of cases in most studies 
and can recur, if not excised with a wide margin (6,9,13,20,21,24). 

The most common retroperitoneal sarcoma in children is rhabdomyosarcoma, 
followed by lymphoma. 

The majority of affected infants and children develop germ cell tumors. 

Primary germ cell tumors of the retroperitoneum theoretically arise from the 
embryonic urogenital ridge. Before a definite diagnosis can be made, a thorough 
examination of the genitalia is necessary. A physical and ultrasonographic 
examination of the testes is probably adequate in most patients. In six small series, 6 
of 18 patients (33%) had a biopsy or autopsy that showed a malignant tumor in the 
testes (22). 


Table 51-1: Relative incidence of retroperitoneal tumors 


Benign tumors (n = 198) % Malignant tumors (n = 1,080) % 
Lipoma 18 Lymphoma 27 
Pheochromocytoma 12 |Liposarcoma 18 
Ganglioneuroma 9 |Fibrosarcoma 11 
Leiomyoma 6 Leiomyosarcoma 8 
Teratoma 6 Neuroblastoma 8 
Neurilemoma 4 (Unclassified sarcoma 6 
Neurofibroma 4  |Rhabdomyosarcoma 4 
Fibroma 3 |Mesodermal sarcoma 2 
Paraganglioma 2 |Neurofibrosarcoma 1 
Lymphangioma 2 |Myxosarcoma 1 
Myxoma 2 (Malignant fibrous histiocytoma 1 
Adenoma 2 |Hemangiosarcoma 1 


Hemangioma 1 Schwannoma 


Cyst 


29 (Carcinoma 
Teratocarcinoma 
Unclassified tumor 


wl a -|o= 


Metastatic tumor 


Prognostic Factors 


The major prognostic factors are histology, invasiveness, and resectability of 
retroperitoneal tumors 


General Management 


In the past, surgical resection was the only means of achieving a cure in most 
patients with retroperitoneal tumors (3,14); this is still true in soft tissue sarcomas. 
Nonresectability criteria include involvement of the aorta, vena cava, iliac or superior 
mesenteric vessels, as well as spinal cord or nerve plexus, peritoneal seeding, and 
distant metastases (2). Wist et al. (24) showed that 45% of patients survived for 5 
years after complete excision, whereas only 8% survived after partial excision or 
biopsy. 

Radiation therapy is usually required in most malignant retroperitoneal tumors 
because of their infiltrative nature into retroperitoneal soft tissues. 

A strong rationale exists for the use of preoperative irradiation to decrease the 
likelihood of tumor seeding; this facilitates complete tumor resection and minimizes 
the risk of complications. 


Chemotherapy 


The role of chemotherapy in childhood rhabdomyosarcoma is well established; 
vincristine sulfate, doxorubicin, actinomycin D (dactinomycin), and cyclophosphamide 
are the most commonly used agents. 

Germ cell tumors are responsive to etoposide, cisplatin, and vincristine sulfate. 

In both germ cell tumor and rhabdomyosarcoma, chemotherapy is often the initial 
treatment, followed by surgery and irradiation. 

Disease-free survival for patients who have complete responses is 75% to 90%, 
compared with less than 5% in patients who do not completely respond. If disease is 
present after retroperitoneal dissection, a radiation dose of 40 to 45 Gy can be 
delivered (8,12). 

In one prospective randomized NCI study, 108 patients were accrued after removal of 
the primary tumor (17). Among patients assigned to chemotherapy, survival was 
favorably affected in those with extremity tumors. Patients with head and neck or 
trunk lesions (including retroperitoneal sarcomas) did not benefit; the 5-year survival 
rate was approximately 40% in both arms. 


Radiation Therapy Techniques 


In the treatment of retroperitoneal soft tissue sarcomas with radiation therapy, we 
prefer preoperative irradiation, with consideration given to an intraoperative or 
postoperative boost (22). This usually requires that an initial procedure be done 
(either needle biopsy, if adequate tissue can be obtained, or a small operative 
procedure) to obtain tissue for histology. 

No randomized data prove the value of any specific radiation therapy approach. 


Preoperative irradiation is preferred for three reasons: (a) the extent of the local 
disease is usually easily defined by CT scan or magnetic resonance imaging; (b) 
radiation therapy morbidity usually is less with preoperative irradiation than with 
postoperative therapy, since the large primary tumor mass acts to push normal 
tissues out of the irradiation field; and (c) preoperative irradiation may shrink the 
tumor, which will allow for a complete resection. 

When preoperative irradiation fields are designed, planning based on CT scanning is 
of great value. Contrast studies of the stomach or small bowel can be useful. 

At times, the tumor is well outlined by air-filled bowel seen on a simple radiograph; 
this can help confirm the location determined by CT scan. 

When retroperitoneal tumors are irradiated, careful attention must be paid to the 
location and radiation tolerance of kidneys, liver, small bowel, and stomach (5). 

It is common for at least one kidney to be entirely within the irradiation field. In this 
situation, it is essential that the function of the other kidney be documented with a 
differential renal scan (Fig. 51-2) and that the total renal function be determined to 
ensure that there will be adequate residual renal function (4). The contralateral kidney 
should receive no more than 18 Gy. 

The entire liver should be treated to a dose of less than 30 Gy. If substantial portions 
of the liver are treated to high doses, one should further decrease the dose to the 
remainder of the liver to allow for hepatic regeneration. 

Radiation therapy fields must be individualized for the exact location of tumor in each 
patient (Fig. 51-3). CT simulation techniques and three-dimensional treatment 
planning are optimal. 

Anteroposterior-posteroanterior fields or moderately oblique fields will often produce 
an optimal distribution. 

Lateral fields should be used sparingly, as they often result in much larger volumes of 
normal tissue being irradiated, especially the liver in the upper abdomen. 

In most cases, high-energy photons (210 MV) should be used. 

Because these tumors originate in the retroperitoneum, the margins of the irradiation 
fields need to follow the anatomy of the tissues involved. 

A 3- to 5-cm margin around gross tumor in the retroperitoneum is usually adequate. 
Because these tumors typically "balloon" into the peritoneal cavity, irradiating the bulk 
tumor mass preoperatively will often give an adequate margin on the retroperitoneal 
structures, where the risk of local recurrence is greatest. 

The portion of tumor protruding into the peritoneal cavity usually does not produce 
significant risk of local recurrence. 

Generally, preoperative irradiation doses are 45 Gy, with approximately 4 weeks 
allowed to the time of surgery. 

At the time of resection, the radiation oncologist should be present to evaluate the 
need for further irradiation. If the surgical margins are close or positive, additional 
postoperative therapy should be considered. It can be given with external-beam 
therapy, interstitial implant of the tumor bed, or intraoperative electron beam 
irradiation. With the last two approaches, doses of approximately 15 Gy are given. 

In a study conducted by the NCI, 35 patients were randomized to determine whether 
an intraoperative irradiation (IORT) boost was superior to conventional irradiation 
alone after complete surgical resection (10,11). Survival was not affected, although 
the locoregional control rate (80%) was superior in the IORT arm, compared with the 
conventional arm (35%) at 5 years. The incidence of enteritis was significantly 
decreased from 60% in the conventional arm to 7% with IORT. 

If surgical clips have been placed, they can be used to define the extent of tumor. If 
not, the information must be transferred from the preoperative imaging studies to the 
simulation film to determine the extent of the irradiation field. Generally, the fields 
should be of the same extent as for preoperative therapy, remembering that the 
retroperitoneum is the site at highest risk for local failure. 

Normal tissue tolerances need to be respected as for preoperative therapy, but the 
total dose often is limited to 50 Gy because of the tolerance of small intestine and 


stomach (18,21,23). 


Fig. 51-2. : A: A 72-year-old woman with a retroperitoneal liposarcoma displacing the right kidney (K). 
The tumor was grossly resected. B: Postoperative computed tomography scan shows right kidney to 
be back in its normal position. Renal scan showed that the right kidney made up 57% of the total renal 
function. (From Wasserman TH, Tepper JE. Retroperitoneum. In: Perez CA, Brady LW, eds. Principles 
and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:1943-1956, with 
permission.) C: Radiation therapy using right anterior oblique and posterior fields (both with 30-degree 
wedges) delivered 50 Gy to the tumor volume (TV) and included the right kidney (RK) but spared the 
left kidney (LK). D: Follow-up computed tomography scan obtained 27 months after completion of 
therapy shows no recurrence of tumor, although there is shrinkage of the right kidney (arrow). The 
patient died, disease-free, at 80 years of age. (From Wasserman TH, Tepper JE. Retroperitoneum. In: 
Perez CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: 
Lippincott-Raven, 1998:1943-—1956, with permission.) 


- 

e 

`‘ 
eo 


bl Sh 


View Figure 


Fig. 51-3: A: A 30-year-old man with an unresectable 12-cm x 8-cm malignant paraganglioma 
adherent to the right ureter, mesentery, and inferior vena cava. A four-field technique using 18-MV 
photons delivered 55 Gy to target tumor. B: Anteroposterior simulation film outlines the initial treatment 
area, target volume (TV), and boost area (dashed lines). Note sparing of the left kidney (K). C: Lateral 
simulation film is shaped to avoid the kidneys. D: Treatment plan indicates four-field isodoses to TV, 
right kidney (RK), and left kidney (LK). E: Computed tomography scan of abdomen obtained 24 
months after completion of irradiation shows no recurrence of tumor and shrinkage of the right kidney. 


The patient has been disease-free for 12 years. (From Wasserman TH, Tepper JE. Retroperitoneum. 
In: Perez CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: 
Lippincott-Raven, 1998:1943—1 956, with permission.) 


Sequelae of Treatment 


e The acute sequelae of treatment with irradiation are nausea and vomiting. 

e The long-term major sequelae of surgery and irradiation are small bowel enteropathy, 
which is linked to the number of laparotomies the patient has had and irradiation dose 
and volume (16), and small bowel obstruction. 


References 


1. Chang AE, Matory YL, Dwyer Au, et al. Magnetic resonance imaging versus computed 
tomography in the evaluation of soft tissue tumors of the extremities. Ann Surg 
1987;205:340-348, PubMed | 


2. Cody HS III, Turnbull AD, Fortner JG, et al. The continuing challenge of retroperitoneal 
sarcomas. Cancer 1981;47:2147-2152. 


3. Donnelly BA. Primary retroperitoneal tumors. Surg Gynecol Obstet 1946;83:705. 


4. Dubovsky EV, Russell CD. Quantitation of renal function with glomerular and tubular 
agents. Semin Nucl Med 1982;12:308-329. PubMed | 


5. Goffinet DR, Glatstein E, Fuks Z, et al. Abdominal irradiation of non-Hodgkin's lymphomas. 
Cancer 1976;37:2797-2805, PubMed | 


6. Harrison LB, Gutierrez E, Fischer JJ. Retroperitoneal sarcomas: the Yale experience and a 
review of the literature. J Surg Oncol 1986;32:159-164. PubMed | 


7. Husband JE, Golding SJ. The role of computed tomography-guided needle biopsy on an 
oncology service. Clin Radiol 1983;34:255—260. PubMed | 


8. Hussey DH, Luk KH, Johnson DE. The role of radiation therapy in the management of 


germinal cell tumors of the testis other than pure seminomas. Radiology 1977;123:175- 
180. 


9. Kinne DW, Chu FCH, Huvos AG. Treatment of primary and recurrent retroperitoneal 


liposarcoma: twenty-five year experience at Memorial Hospital. Cancer 1973;31 :53— 
64. EES 


10. Kinsella TJ, Sindelar WF, Lack E, et al. Preliminary results of a randomized study of 
adjuvant radiation therapy in resectable adult retroperitoneal soft tissue sarcomas. J Clin 
Oncol 1988;6:18—25. Bublied | 


11. Kinsella TJ, Sindelar WF, Rosenberg SA, et al. Wide excision combined with 
intraoperative radiotherapy and external beam therapy in retroperitoneal soft tissue tumors. 
Int J Radiat Oncol Biol Phys 1983;9(suppl):92(abst). 


12. Lack EE, Travis WD, Welch KJ. Retroperitoneal germ cell tumors in childhood: a clinical 
and pathologic study of 11 cases. Cancer 1985;56:602—608. EubMes | 


13. McGrath PC, Neifeld JP, Lawrence W Jr, et al. Improved survival following complete 
excision of retroperitoneal sarcomas. Ann Surg 1984;200:200-204. PubMed | 


14. Moore SV, Aldrete JS. Primary retroperitoneal sarcomas: the role of surgical treatment. 
Am J Surg 1981;142:358-361. Bublted | 


15. Pack GT, Tabah EJ. Primary retroperitoneal tumors: a study of 120 cases. Int Abstr Surg 
1954; 99:313. 


16. Potish RA. Importance of predisposing factors in the development of enteric damage. Am 
J Clin Oncol 1982;5:189—-194. PubMed | 


17. Rosenberg SA. Prospective randomized trials demonstrating the efficacy of adjuvant 
chemotherapy in adult patients with soft tissue sarcomas. Cancer Treat Rep 1984;9:1067— 
1078. 


18. Sindelar WF, Kinsella T, Tepper J. Experimental and clinical studies with intra-operative 
radiotherapy. Surg Gynecol Obstet 1983;157:205—219, Bubited | 


19. Stephens DH, Sheedy PF, Hattery RR, et al. Diagnosis and evaluation of retroperitoneal 
tumors by computed tomography. AJR Am J Roentgenol 1977;129:395—402. PubMed | 


20. Storm FK, Eilber FR, Mirra J, et al. Retroperitoneal sarcomas: a reappraisal of treatment. 
J Surg Oncol 1981;17:1—7. Babies | 


21. Tepper JE, Suit HD, Wood WC, et al. Radiation therapy of retroperitoneal soft tissue 
sarcomas. Int J Radiat Oncol Biol Phys 1984;10:825—-830. PubMed | 


22. Wasserman TH, Tepper JE. Retroperitoneum. In: Perez CA, Brady LW, eds. Principles 
and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:1943—1956. 


23. Whittington R, Dobelbower RR, Mohiuddin M, et al. Radiotherapy of unresectable 
pancreatic carcinoma: a six-year experience with 104 patients. Int J Radiat Oncol Biol Phys 
1981;7:1639-1644, PubMed | 


24. Wist E, Solheim OP, Jacobsen AB, et al. Primary retroperitoneal sarcomas: a review of 36 
cases. Acta Radiol Oncol 1985;24:305—310. Bublted | 


25. Zornoza J, Jonsson K, Wallace S, et al. Fine-needle aspiration biopsy of retroperitoneal 
lymph nodes and abdominal masses: an updated report. Radiology 1977;125:87—88. Pubsed | 


Radiation Oncology: 
Management 
Decisions 


Table of Contents 


52: Hodgkin ' s Disease 


Natural History and Clinical Presentation =p 


Diagnostic Workup 

Staging System 

Pathologic Classification 
Prognostic Factors 

General Management 
Radiation Therapy Techniques 


Follow-Up 


Sequelae of Treatment 
References 


Natural History and Clinical Presentation 


Hodgkin's disease (HD) nearly always begins in the lymph nodes. 

More than 80% of patients with HD present with cervical lymph node involvement, 
and more than 50% have mediastinal disease. 

Patients with HD generally present with painless lymphadenopathy. 

Some patients may note systemic symptoms such as unexplained fevers, drenching 
night sweats, weight loss, generalized pruritus, and alcohol-induced pain in tissues 
involved by HD. 

The theory of contiguity of spread and the development of treatment programs, 
including presumptive treatment of uninvolved sites, were important conceptual 
advances in the treatment of HD (18). 

Nearly all patients with hepatic or bone marrow involvement by HD have extensive 
involvement of the spleen (15). 

One-third of patients present with one of the three B symptoms: fever, night sweats, 
or 10% weight loss in the past 6 months. Fevers may present in the classic waxing 
and waning Pel-Ebstein pattern. Night sweats may be drenching, requiring a change 
of bedclothes. 

HD may be diagnosed during pregnancy, and many women become pregnant after 
successful treatment. 


Diagnostic Workup 


Diagnostic and staging procedures commonly used for HD are listed in Table 52-1. 
Important factors such as patient age and presence of intercurrent disease influence 
the selection of staging studies. 

The retroperitoneal lymph nodes are best evaluated by bipedal lymphography. The 
sensitivity, specificity, and overall accuracy of the lymphogram are 85%, 98%, and 
95%, respectively (3). The lymphogram is especially helpful for subdiaphragmatic 
presentations; however, it is generally not available outside major academic centers. 
Computed tomography (CT) scan is less sensitive, specific, and accurate (65%, 92%, 
and 87%, respectively) for detection of disease in the retroperitoneal nodes (3). 
High-dose gallium with single-photon emission CT provides the most valuable images 
and may be most helpful in evaluation of the mediastinum, especially for detection of 


residual disease after treatment (9). Approximately two-thirds of patients who have 
positive restaging gallium scans after completion of chemotherapy have a relapse, 
compared with less than 20% of those with negative studies. 

e There are more data available about FDG-PET in the initial staging of non-Hodgkin's 
lymphoma than for HD. It seems a reliable technique for detection of bone marrow 
involvement. The published data indicate that PET is highly sensitive, at least for 
differentiating residual fibrosis and a viable tumor (7). 

e Use of laparotomy in the staging of HD is decreasing. The procedure includes a 
splenectomy, selected lymph node biopsies, liver biopsies, and an open bone marrow 
biopsy (10). The European Organization for Research and Treatment of Cancer H6F 
randomized trial testing the role of laparotomy in stage I-Il disease showed no 
difference in outcome with or without the procedure (14). 

e The primary role of laparotomy is to identify patients who are candidates for treatment 
with irradiation alone. It is never required when clinical characteristics mandate the 
use of chemotherapy (children, the elderly, and persons with intercurrent medical 
problems, bulky mediastinal disease, clinical stage III to IV disease, or marrow 
involvement). 

e Low-risk populations for subdiaphragmatic extension are (a) patients with clinical 
disease limited to intrathoracic sites (yield approximately 0%), (b) women with stage | 
disease (yield approximately 6%), (c) men with stage | disease and lymphocyte 
predominance or interfollicular histology (yield approximately 4%), and (d) women 
with stage II disease and with three or fewer sites of clinical involvement and who are 
younger than 27 years of age (yield approximately 9%) (14). 


Table 52-1: Diagnostic and staging procedures for Hodgkin's disease 
History 


Systemic B symptoms: unexplained fever, night sweats, weight loss >10% of body 
weight in the last 6 mo 


Other symptoms: alcohol intolerance, pruritus, respiratory problems, energy loss 
Physical examination 
Palpable nodes (note number, size, location, shape, consistency, mobility) 
Palpable viscera 
Laboratory studies 
Standard 
Complete blood cell count 
Platelet count 
Liver and renal function tests 
Blood chemistry profile 
Erythrocyte sedimentation rate 
Optional 
Serum copper 
B2-microglobulin 
Radiologic studies 
Standard 
Chest radiograph: posteroanterior and lateral 
Computed tomography of thorax for disease detection and treatment planning purposes 
Computed tomography of abdomen and pelvis 
Complementary 
Bipedal lymphogram 


Gallium scan 
Special tests | 
| Standard | 
Cytologic examination of effusions, if present | 
Bone marrow, needle biopsy (if subdiaphragmatic disease or B symptoms) 
Optional | 
Percutaneous liver biopsy | 
Peritoneoscopy | 


Staging laparotomy with splenectomy, liver biopsy, selected lymph node biopsies, and | 
open bone marrow biopsy 


Staging System 


e The Ann Arbor staging system for HD, used since 1971, is outlined in Table 52-2 (2). 
The lymphoid regions defined in this system are shown in Figure 52-1. 

e The Ann Arbor system includes designation of a clinical stage, based on the results of 
the initial biopsy and clinical staging studies, and a pathologic stage, based on the 
results of any subsequent biopsies. 

e Inadequacies of the Ann Arbor system include failure to consider bulk of disease and 
lack of a more precise definition of the E lesion (4). 


Fig. 52-1: Lymphoid regions as 
defined in the Ann Arbor staging 
system. Note that the cervical, 
supraclavicular, occipital, and 
preauricular nodes are included in 
a single region. The mediastinum 
Mediastinal and pulmonary hila make up three 
regions. (From Hoppe RT. The 
non-Hodgkin's lymphomas: 
pathology, staging, and treatment. 
Spleen Curr Probl Cancer 11:379,1987, 
with permission.) 
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Table 52-2: Ann Arbor staging classification 
Stage Description 


Involvement of a single lymph node region 


Involvement of two or more lymph node regions on same side of diaphragm (II) or 
localized involvement of an extralymphatic organ or site and of one or more lymph 
node regions on same side of diaphragm (IIE) 


‘Involvement of lymph node regions on both sides of diaphragm (Ill), which may also 


be accompanied by involvement of spleen (IIIS) or by localized involvement of an 
extralymphatic organ or site (IIIE) or both (IIISE) 


Diffuse or disseminated involvement of one or more extralymphatic organs or 
tissues, with or without associated lymph node involvement 


Note: Absence or presence of fever, night sweats, or unexplained loss of 210% of body 
weight in the 6 months before diagnosis is denoted by the suffix letters A or B, respectively. 
Patients are assigned a clinical stage based on the initial biopsy and all subsequent 
nonsurgical staging studies. A pathologic stage is assigned based on all clinical studies, as 
well as subsequent surgical staging procedures such as bone marrow biopsy, staging 
laparotomy, and splenectomy. 


Modified from Carbone PP, Kaplan HS, Musshoff K. Report of the Committee on Hodgkin's 
Disease Staging Classification. Cancer Res 1971;1:1860—1861, with permission. 


Pathologic Classification 


The neoplastic cell of HD is the Reed-Sternberg cell. It is typically binucleate, with a 
prominent, centrally located nucleolus in each nucleus. It also has a well-demarcated 
nuclear membrane and eosinophilic cytoplasm with a perinuclear halo. 

Four histologic subtypes of HD are defined by the Rye modification of the Lukes and 
Butler system (23): 

Lymphocyte-predominant HD (LPHD) is often diagnosed in young people. Patients 
frequently present with early-stage disease, and systemic symptoms are uncommon 
(less than 10%). The natural history is the most favorable of the histologic subtypes. 
Nodular-sclerosing HD (NSHD) is the most common histologic subtype. The 
mediastinum is often clinically involved. One-third of these patients have B 
symptoms. The natural history of NSHD is less favorable than that of LPHD. 

In mixed-cellularity HD (MCHD) patients more commonly present with advanced 
disease. Its natural history is less favorable than that of NSHD. 
Lymphocyte-depleted HD (LDHD) tends to occur in older patients and is more likely 
to be associated with advanced disease and B symptoms. It has the worst prognosis 
of all histologic subtypes of HD. 


Prognostic Factors 


Men have a slightly worse outcome than women (26). 

Children have a particularly good prognosis, compared with adults. 

After the extent of disease has been determined, histologic subtype seems to have 
little additional impact on prognosis. 

Ann Arbor stage is the most important prognostic factor influencing therapy. 

Bulky disease, especially in the mediastinum, is reported to be associated with 
greater risk of relapse after single-modality therapy. When the ratio of maximum width 
of mediastinal mass divided by maximum intrathoracic diameter exceeds one-third, 
the tumor is considered bulky. 


General Management 


Radiation Therapy 


Irradiation is the most effective single agent for the treatment of patients with HD. 
Actuarial relapse-free survival at 5 years for all stages ranges from 94% for LPHD, 
74% for NSHD, and 75% for mixed-cellularity HD to 45% for lymphocyte-depleted HD 


(14). 


Chemotherapy 


The first successful drug combination for treating HD was mechlorethamine 
hydrochloride (nitrogen mustard), vincristine sulfate (Oncovin), procarbazine 
hydrochloride, and prednisone (MOPP) (5). 

A more recent innovation has been the MOPP-ABV (doxorubicin [Adriamycin], 
bleomycin sulfate, vinblastine sulfate) hybrid program (19). 


Combined-Modality Therapy 


Combined-modality therapy has the advantage of treating all sites of disease at the 
outset (especially important in stage III or IV), in addition to reducing bulky disease to 
facilitate subsequent irradiation (especially in the mediastinum). 

For patients with relatively limited disease, management with staging laparotomy and 
subtotal lymphoid irradiation is being challenged by programs using clinical staging 
only, followed by treatment with chemotherapy alone or combined-modality therapy. 
Combined-modality therapy programs generally use a reduced number of cycles of 
chemotherapy or "safer" drugs, as well as reduced irradiation fields or doses. 

The radiation dose used in combined-modality studies in adults ranges from 20 to 40 
Gy (8). 

Is chemotherapy alone a reasonable option in early-stage Hodgkin's disease? The 
answer is unclear because two trials with MOPP gave contradictory results (1,22). 
The decision not to treat with radiotherapy in these trials was not linked to tumor 
response. 

The treatment of advanced stages is by means of more intensified chemotherapy and 
adjuvant radiotherapy for PR or after CR, followed by peripheral blood stem cell 
support. The usefulness of radiotherapy after chemotherapy-induced complete 
remission is not yet established. 


Radiation Therapy Techniques 


Mantle 


The principal objective of radiation therapy in HD is to treat involved and contiguous 
lymphatic chains to a dose associated with a high likelihood of tumor eradication. 

The Patterns of Care Study recommendation for a tumoricidal dose of radiation is 35 
to 44 Gy fractionated at a rate of 7.5 to 10.0 Gy per week (16). 

Evenly weighted opposed-field treatments are generally used; all fields are treated 
daily with fractions of 1.5 to 1.8 Gy. 

A key component in curative irradiation programs is the use of prophylactic treatment 
to clinically uninvolved areas. A recent study by the German Hodgkin's Disease Study 
Group indicates that 30 Gy is an adequate dose for prophylactic treatment (6). 


The field extends from the inferior portion of the mandible nearly to the level of the 
insertion of the diaphragm. An example of typical mantle-field blocking is shown in 
Figure 52-2. 

In addition to lung blocks, blocks can be placed over the occipital region and spinal 
cord posteriorly, the larynx anteriorly, and the humeral heads both anteriorly and 
posteriorly. 

Spinal cord shielding may not be necessary with compensated fields if the prescribed 
tumor dose is only 36 Gy, but should be used when the prescribed dose is more than 
40 Gy. 


e For significant mediastinal disease with subcarinal extension or pericardial 
involvement, the entire cardiac silhouette is irradiated to 15 Gy, with a block placed 
over the apex of the heart thereafter. 

e After a dose of 30 to 35 Gy has been delivered, a block is placed in the subcarinal 
region (approximately 5 cm below the carina), shielding additional pericardium and 
myocardium. 

e Bolus can be used if disease extends to the anterior chest wall. 

e = If the pulmonary hilar lymph nodes are involved and a patient is being treated with 
irradiation alone, a 37% transmission lung block can be used to deliver 15.0 to 16.5 
Gy to the lung (25). 

e When the mediastinal mass is large, treatment may be given slowly (1.25 to 1.50 Gy 
per day to a total dose of 15 Gy). Therapy is interrupted for 7 to 14 days to permit 
further regression of disease and redesign of the lung blocks. 


A à B 
Fig. 52-2: Anterior mantle setup (A) and anterior mantle portal films (B) for a patient with a small 
mediastinal mass. (From Hoppe RT. Hodgkin's disease. In: Leibel S, Phillips T, eds. Textbook of 
radiation oncology. Philadelphia: WB Saunders, 1998, with permission.) 


Preauricular Field 


e The preauricular field can be treated with opposed lateral or unilateral photons or, 
preferably, with a unilateral 6- to 9-MeV electron field to spare the contralateral 
parotid. 

e Insome cases, the primary site of enlarged nodes may include bulky high cervical 
nodes, which extend very near the upper border of the typical mantle field. In this 
setting, large, opposed lateral Waldeyer fields can be used to encompass the upper 
cervical and adjacent nodes (Fig. 52-3). 


Fig. 52-3: Large Waldeyer field. This 
field is appropriate to use when there is 
a primary component of large cervical 
adenopathy, as outlined by a lead wire 
in this setup film. This field should 
include the submandibular, preauricular, 
occipital, and high cervical nodes. The 
inferior border of the field is matched to 
the mantle low in the neck, below the 
cervical adenopathy. In most cases, 
regression of disease in the first 25 to 
30 Gy permits switching to a standard 
mantle with a high superior border 
matched to a small preauricular field. 
(From Hoppe RT. Hodgkin's disease. In: 
Perez CA, Brady LW, eds. Principles 
and practice of radiation oncology, 3rd 
ed. Philadelphia: Lippincott-Raven, 
1998:1963-1986, with permission.) 


Subdiaphragmatic Fields 


e The classic subdiaphragmatic irradiation field for HD is the inverted Y, which includes 
the retroperitoneal and pelvic lymph nodes (Fig. 52-4). 

e For retroperitoneal nodes only, the inferior border of the subdiaphragmatic field is 
drawn at the L4-5 interspace (paraaortic/splenic pedicle field) or below the bifurcation 
of the aorta to include the common iliac nodes (spade field). 

e If the spleen is intact, the entire spleen, not just the splenic hilar region, is included in 
the field. 

e Sequential treatment to a mantle and inverted-Y field is referred to as total lymphoid 
irradiation. When the subdiaphragmatic field does not include the pelvis, the term 
subtotal lymphoid irradiation is used. 

e Low-dose hepatic irradiation may be used for splenic involvement if irradiation alone 
is being used as primary treatment, or in combined-modality programs when the liver 
is involved. A 50% transmission block delivers 20 to 22 Gy to the liver during the 
same period in which the paraaortic nodes receive 40 to 44 Gy. 

e In women, the ovaries normally overlie the iliac lymph nodes. To avoid radiation- 
induced amenorrhea, an oophoropexy must be performed. The surgeon marks the 
ovaries with radiopaque sutures or clips and places them medially and as low as 
possible behind the uterine body. A double-thickness (10 half-value layer) midline 
block is then used; its location is guided by the position of the opacified nodes and 
transposed ovaries. When the ovaries are at least 2 cm from the edge of this block, 
the dose is decreased to 8% of that delivered to the iliac nodes (21) (Fig. 52-5). 

e Use of a double-thickness midline block and specially constructed testicular shield 
can reduce testicular dose from 10% to from 0.75% to 3.00% (14). 


Fig. 52-4: Subdiaphragmatic irradiation in the absence 
of a staging laparotomy. The splenic and renal 

— volumes are reconstructed according to computed 
Lomy) tomography data. Inferior borders 1 and 2 correspond 
to reasonable lower margins of the field for men and 
women, respectively, when the common iliac nodes 
are to be included in the treatment field. Border 3 
defines the inferior limit of a paraaortic field. Line 4 
indicates the inferior position for placement of a 
posterior cord block, if necessary, to limit the cord 
dose to 40 Gy. (From Hoppe RT. The lymphomas. In: 
Khan F, Potish R, eds. Treatment planning in radiation 
oncology. Baltimore: Williams & Wilkins, 1997:418, 
with permission.) 


Fig. 52-5 : Typical setup films for pelvic irradiation. Note that the opacified nodes from the 
lymphogram permit maximum tailoring of field to minimize amount of bone marrow being irradiated. 
The field is matched superiorly to the paraaortic/splenic pedicle field, or the two fields can be treated 
together (inverted Y). When the pelvic nodes are involved, the midline pelvic block is deleted. A: 
Male pelvic field. A narrow midline block protects rectum, anus, and genitalia. A testicular shield is 
used during therapy. B: Female pelvic field. A wide, double-thickness (10 half-value layer) midline 
block protects rectum, anus, and ovaries. The ovaries have been transposed to the midline and are 
marked by wire sutures (in this case, surgical clips). Every attempt should be made to ensure that 
the ovaries are no closer than 2 cm from the edge of the block. (From Hoppe RT. Hodgkin's disease. 
In: Perez CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: 
Lippincott-Raven, 1998:1963—1986, with permission.) 


Supradiaphragmatic Stage I to IIA Disease 


Most patients with stage | to Il disease can be managed effectively with irradiation 
alone; 90% of these patients have supradiaphragmatic disease. 

Eligibility criteria include one or two sites of disease only, no bulky mediastinal 
involvement, and asymptomatic status with erythrocyte sedimentation rate less than 
50 mm per hour or B symptoms with erythrocyte sedimentation rate less than 30 mm 
per hour. 


Supradiaphragmatic Stage IB or IIB Disease 


Approximately 15% to 20% of patients with stage | or II supradiaphragmatic disease 
have B symptoms. 

If staging includes a laparotomy, patients with pathologic stage IB or IIB can be 
treated effectively with irradiation alone. 

In the absence of laparotomy staging, stage IB or IIB patients should be managed in 
a fashion similar to patients with stage Ill or IV disease. 


Stage | or II Hodgkin's Disease with Bulky Mediastinal Involvement 


A staging laparotomy is not indicated in patients with stage | or II Hodgkin's disease 
with bulky mediastinal involvement if combined-modality therapy is planned. 
Chemotherapy (usually three cycles of MOPP-ABVD) should be administered first to 
decrease the mediastinal bulk and permit the use of trimmer irradiation fields. 

The recommended dose of radiation varies from 25 to 40 Gy, but most data cite 
radiation doses of at least 36 Gy. 

The irradiation fields should conform to the area of residual disease with adequate 
margin, not the initial volume of disease before chemotherapy. 


Subdiaphragmatic Stage | or Il Disease 


Approximately 10% of patients with stage | or II HD present with involvement limited 
to subdiaphragmatic sites. 

Lymphography is very helpful for management decisions. 

Patients with stage | inguinofemoral presentations, especially with LPHD, do not 
require a staging laparotomy. 

Treatment to the inverted Y (with or without the spleen) may be sufficient. 

If the iliac nodes are involved, a staging laparotomy may be performed to define 
appropriate therapy more precisely. 

In general, the outcome of treatment for patients with subdiaphragmatic disease is 
equivalent to that for patients with supradiaphragmatic disease (20). 


Stage IIIA Disease 


Stage IIIA is a heterogeneous group. 

Only the most favorable subgroup of stage IIIA patients, those with anatomic 
substage IIIA1 and either an uninvolved spleen or only limited splenic involvement, 
should be considered for treatment with irradiation alone. 

Most patients with stage IIIA disease may be treated effectively with combined- 
modality therapy. 

The parameters of irradiation and chemotherapy vary in programs at different 
centers. The majority report 5-year relapse-free rates of 80% to 90% (15,24). 


Stage IIIB or IV Disease 


Systemic chemotherapy is the mainstay of treatment for patients with advanced-stage 
HD. 


e The use of combined-modality therapy is a rational approach, since most patients 
who relapse after treatment with chemotherapy alone will relapse in sites of initial 
disease (29). 

e Ina Southwest Oncology Group study, the 5-year remission rate for patients with 
NSHD treated with 20 Gy to the involved field after chemotherapy was 82%, versus 
60% for no further treatment; p = .02 (8). 


Pediatric and Elderly Management 


e Excellent outcome is reported for programs that combine chemotherapy (with non- 
leukemogenic ABVD regimen) and low-dose (20 to 25 Gy), involved-field irradiation in 
the management of pediatric and elderly populations. 

e To reduce growth effects, limitation of radiation doses to 15 to 25 Gy is warranted 
unless bulky disease has not responded to chemotherapy. 

e For people older than 65 to 70 years of age, treatment should be tailored to respect 
their quality of life without threatening their "normal" survival. Although late effects of 
treatment are the major problem in childhood, it is immediate intolerance that is 
problematic in the elderly. 


Hodgkin's Disease during Pregnancy and in Human Immunodeficiency Virus—Infected 
Patients 


e Staging may be hampered if HD is diagnosed during pregnancy because 
lymphangiography and CT scan is contraindicated. The maximum fetal risk (mainly 
microcephalia) occurs between the 2nd and 8th weeks. With a photon beam of 25 MV 
the maximum dose received by the uterus and the fetus is approximately 5.5 cGy 
from a mantle field; the dose is much greater (10.0 to 13.6 cGy) with cobalt (7). 
Therefore, during the first three months the major question is whether the pregnancy 
is to be maintained or not. The answer depends on the clinical aggressiveness of the 
HD. 

e If there is limited disease (e.g., stage IA), an involved-field irradiation (neck field) 
could allow staging to be postponed until delivery. 

e During the final three months, fetal development is advanced enough to allow an 
induced premature delivery or to wait a few weeks until childbirth. A close discussion 
with the pediatrician and the obstetrician allows the adequate moment for the delivery 
to be chosen. 

e Some chemotherapeutic agents do not cross the placenta (e.g., vincristine sulfate or 
vinblastine sulfate), and may be useful if treatment is necessary. 

e HD is clinically different among human immunodeficiency virus-positive patients. In 
most cases, the mediastinum is not involved but gut, pleura, meningeal, or Waldeyer 
ring involvement are common. Patients tend to present at stage III and IVB disease 
with bone marrow involvement. 

e The pathologic pattern is different, with a high frequency of mixed cellularity type, and 
the response to chemotherapy is not as good as in human immunodeficiency virus- 
negative patients. Three major prognostic factors are no acquired immunodeficiency 
syndrome before HD diagnosis, CD4 counts more than 250 to 300, and response to 
HD treatment (7). 


Follow-Up 


e Achallenging problem in follow-up evaluation is the interpretation of residual 
mediastinal abnormality on chest radiograph or chest CT scan (17,27). Comparison 
of pretreatment and posttreatment gallium images may be the most helpful 
examination in this situation (9). 

e Inthe absence of other clinical suspicion, it is reasonable to follow these patients 
carefully as long as the abnormality remains stable or regresses. 


Sequelae of Treatment 


e Radiation pneumonitis develops in less than 5% of patients within 6 to 12 weeks after 
completion of mantle irradiation. The risk is related to the volume of lung irradiated, 
total dose, and fraction size. Symptomatic management is generally sufficient; 
however, a small number of patients require treatment with corticosteroids. 

e Radiation pericarditis after well-executed mantle therapy is seen in less than 5% of 
patients and can be managed with conservative medical treatment. 

e Subclinical hypothyroidism develops in approximately one-half of patients with HD 
(12), manifested by an elevation of the sensitive thyroid-stimulating hormone even 
with a normal thyroxine (T4) level. Thyroid replacement therapy with levothyroxine is 
recommended, with an initial dose of 0.1 mg per day. 

e Herpes zoster occurs during treatment for HD, or within the first 1 to 2 years after 
treatment, in 10% to 15% of patients (11). 

e Lhermitte's sign develops in approximately 10% to 15% of patients after mantle 
therapy; it generally resolves spontaneously after 2 to 6 months. 

e Postsplenectomy sepsis can be caused by Streptococcus pneumoniae, 
meningococcus, and Haemophilus strains. This risk can be minimized by prior 
immunization against these organisms. 

e In men, pelvic irradiation may be followed by azoospermia if no special precautions 
are taken to shield the testes. MOPP or MOPP-like chemotherapy that includes 
alkylating agents and procarbazine causes sterility in most men. However, the ABVD 
regimen seems to spare male fertility (28). 

e Even with a proper oophoropexy and well-planned pelvic irradiation, the scattered 
dose of radiation may be sufficient to affect ovarian function and cause menopausal 
symptoms in women older than 30 years; younger women may not be affected. In 
contrast to MOPP, the ABVD combination appears to spare female fertility (28). 

e The most important long-term hazards are secondary malignancies and 
cardiovascular disease. Secondary malignancies include leukemia, lymphoma, and 
solid tumors. Overall, the relative risk for developing a second malignancy after 
treatment for HD is 6.4, and the absolute risk is 84.4 (84.4 excess cases per 10,000 
patients per year) (14). 

e Long-term cardiovascular sequelae include coronary artery disease, pericarditis, 
pancarditis, and valvular disease (13). The relative risk of death from cardiac disease 
is 3.1. 
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Introduction 


e The most frequent cytogenetic changes in non-Hodgkin's lymphoma (NHL) are 
immunoglobulin genes in B-cell lymphoma and T-cell receptor genes in T-cell 
lymphoma. 

e The incidence of NHL in the United States has been increasing at a rate of 3% to 4% 
per year (12). 


Natural History 


e The principal cellular component of lymphoma is the lymphocyte, and tumors may 
arise in any area of lymphoid aggregation, such as the lymph nodes, spleen, 
Waldeyer's ring, bone marrow, gastrointestinal (Gl) tract, and other tissues in which 
lymphoid cells may be circulating. 

e Follicular B-cell lymphoma tends to run an indolent course; many patients present 
with advanced disease, but the median survival is long. 

e The case for lymphatic contiguity is much weaker for NHL than for Hodgkin's disease 
(HD). 

e Waldeyer's ring, although rarely involved in patients with HD, is commonly involved in 
patients with NHL. 

e Epitrochlear and brachial nodes are often involved, especially in patients with 
follicular lymphoma. 

e The most striking difference between patients with HD and those with NHL is the 
marked increase in the incidence of bone marrow and mesenteric lymph node 
involvement in the latter group. 


Diagnostic Workup 


e Routine staging investigations include a full physical examination with careful 
evaluation of all lymph node-bearing areas, liver, and spleen; complete blood cell 
count; erythrocyte sedimentation rate; liver function tests; lactate dehydrogenase 
(LDH); imaging tests; and a bone marrow biopsy. 


e The minimum imaging investigations include chest x-ray and computed tomography 
(CT) scanning of the abdomen and pelvis (29). 

e Some GI extranodal lesions not visible on barium studies are visible on CT scans. 

e CT scans are best for identifying mesenteric lymph node involvement. 

e CT scan of the thorax reveals abnormalities in 7% to 30% of patients with initially 
normal chest x-rays, and additional abnormalities in 25% with abnormal chest x-ray 
(4,22). 

e With improvements in CT technology and increasing use of chemotherapy in early- 
stage disease, the overall value of lymphangiography has diminished (24). 

e Approximately 75% to 85% of patients with NHL have uptake of gallium, depending 
on the histology. Gallium scanning, especially high-dose gallium (10 mCi) combined 
with single-photon emission CT, is a useful general screening tool for NHL. Repeat 
gallium scans are useful after treatment to evaluate residual masses for active tumor. 

e Staging laparotomy is rarely beneficial. 


Staging System 


e The Ann Arbor staging classification is shown in Table 52-2 in Chapter 52. 

e Inthe Ann Arbor classification, Waldeyer's ring, thymus, spleen, appendix, and 
Peyer's patches of the small intestine are considered lymphatic tissues; involvement 
of these areas does not constitute an E lesion, which was defined originally as 
extralymphatic involvement. Because of the unique pathologic and clinical 
characteristics of primary lymphomas affecting these organs, many consider them as 
separate entities. 


Table 53-2: International Prognostic Index for non-Hodgkin's lymphomas 


Unfavorable Unfavorable 5-Year 
Risk factors feature Risk group factors (n) survival (%) 

Age >60 yr Low Oor1 75 
Lactate >1x normal Low— 2 51 
dehydrogenase intermediate 
Performance status ECOG 2-4 High- 3 43 

intermediate 
Stage I-IV Ann Arbor (High 4or5 26 
Extranodal >1 site — — => 


involvement 


ECOG, Eastern Cooperative Oncology Group. 


From Gospodarowicz MK, Wasserman TH. Non-Hodgkin's lymphomas. In: Perez CA, Brady 
LW, eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott- 
Raven, 1998:1987—2011, with permission. 


Pathologic Classification 


e The Working Formulation was developed to facilitate translation between various 
classifications and promote the uniformity of reporting applied to B-cell (but not T-cell) 
lymphomas (Table 53-1). 

e In 1994, a group of European and American pathologists published the Revised 
European American Lymphoma classification and described malignant lymphomas as 
series of distinct disease entities (17). 

e The Revised European American Lymphoma classification recognizes three major 
categories of lymphoid malignancies: B-cell, T-cell, and HD, with emphasis on 


cytology rather than architecture, and the recognition of a wide spectrum of 

morphologic grades and clinical aggressiveness. 

Cytogenetic abnormalities can be identified in 85% of NHL specimens. 

MYC translocation and overexpression are characteristic of Burkitt's lymphoma. 

The t (14;18) translocation is observed in 90% of follicular lymphomas. 

A BCL-2 oncogene identified on the chromosome 18 side of the breakpoint is 

essential for apoptosis. 

e Trisomy 12 and BCL-3 translocation t (14;19) are characteristic of chronic 
lymphocytic leukemia. 

e The most common types of NHL seen in North America are follicular small cleaved 
cell lymphoma (20% to 30%) and diffuse large cell lymphoma (30% to 40%). The 
former is a low-grade lymphoma; the latter is intermediate grade (17). 

e Other newly described entities deserving attention include mucosa-associated 
lymphoid tissue (MALT), mantle cell, and T-cell lymphomas. 

e MALT lymphomas are usually low-grade B-cell tumors. Typically, a characteristic 
lymphoepithelial lesion infiltrating the glandular epithelium of the mucosa is identified. 
MALT lymphomas arise in the stomach, thyroid, salivary glands, breast, and bladder. 
They show a tendency toward localized disease and toward cure with local therapy. 

e Mantle cell lymphoma occurs in older adults and presents with generalized disease 
with spleen, bone marrow, and GI tract involvement. It is not curable; median survival 
is 3 to 5 years, and there is little information on response to irradiation in stage | and 
Il disease. 

e Peripheral T-cell lymphomas are a heterogeneous group of T-cell neoplasms, more 
common in Asia, that usually affect adults and are commonly generalized at 
presentation. An aggressive clinical course is typical. Although potentially curable, 
some are resistant to existing chemotherapeutic regimens. A subtype of peripheral T- 
cell lymphoma is intestinal T-cell lymphoma, previously called malignant histiocytosis 
of the intestine; it usually involves the jejunum and is associated with a history of 
gluten-sensitive enteropathy in approximately 50% of cases (enteropathy associated 
T-cell lymphoma). 

e = Angiocentric lymphoma, which includes disorders previously known as lethal midline 
granuloma, nasal T-cell lymphoma, and lymphomatoid granulomatosis, is 
characterized by an angiocentric and angioinvasive infiltrate. 

e Anaplastic large cell (CD30+) lymphoma is a distinct entity with a predilection for skin 
involvement and generalized disease. 


Prognostic Factors 


e Although stage is an important prognostic factor, many other factors influence the 
outcome in patients with NHL. 

e Ten-year cause-specific survivals for patients with stage |, Il, Ill, and IV follicular 
lymphomas were 68%, 56%, 42%, and 18%, respectively (18). 

e Five significant factors affecting overall survival have been identified: age (=60 years 
versus greater than 60 years), serum LDH (=normal versus greater than normal), 
performance status (0, 1 versus 2 to 4), stage (I to Il versus III to IV), and extranodal 
site involvement (=1 versus greater than 1) (10). Patients with two or more risk 
factors have less than a 50% chance of 5-year overall survival. Of note, patients with 
involvement of bone marrow, liver, spleen, central nervous system, lung, or 
gastrointestinal tract had a higher risk of relapse. 

e Older patients tend to have a worse prognosis than younger ones. 

e Male gender is an independent adverse prognostic factor in patients with low-grade 
NHL. 

e The presence of B symptoms is generally correlated with advanced disease, large 
tumor bulk, and elevated LDH levels, indicators of high tumor burden. 

e Tumor bulk or burden is one of the most important prognostic factors in NHL. In 
patients with stage IA and IIA intermediate- and high-grade NHL treated with radiation 
therapy alone, 39% of those with tumor bulk less than 5 cm relapsed, while 62% of 
those with tumor bulk greater than 5 cm relapsed (30). 


e Bulk greater than 10 cm is one the most important factors in patients with stage III 
and IV disease treated with chemotherapy. 

e Other indicators of high tumor burden associated with poor outcome include presence 
of a large mediastinal mass (greater than one-third of chest diameter), presence of a 
palpable abdominal mass, and a combination of paraaortic and pelvic node 
involvement in stage III and IV disease (26). 

e The number of sites of involvement is an independent prognostic factor for disease- 
free and overall survival in patients treated with chemotherapy or combined-modality 
therapy. 

e Almost 50% of patients with stage | and II NHL have disease in extranodal sites (2). 
The GI tract is an adverse site of extranodal presentation due to the impact of locally 
advanced, bulky, and unresectable disease. 

e Elevated serum LDH, thought to reflect the tumor burden, is an adverse prognostic 
factor (21). 

e Serum calcium elevation is an adverse factor in patients with T-cell lymphoma in 
Japan. 

e An abnormal level of cerebrospinal fluid protein is a prognostic factor in patients with 
primary brain lymphoma. 

e High proliferative activity, as determined by Ki-67 expression in more than 60% of 
malignant cells, was a predictor of poor survival, independent of age, stage, B 
symptoms, bulk, and LDH level (19). 

e The International Prognostic Index, based on patient age, serum LDH, performance 
status, and number of involved extranodal sites, provides a simple, clinically based 
method to predict prognosis in NHL (Table 53-2). Five-year survival rates for patients 
treated with doxorubicin-based chemotherapy, with or without radiation therapy, were 
73% for the low-risk group (0 or 1 adverse factor), 51% for the low-intermediate group 
(2 adverse factors), 46% for the high-intermediate group (3 adverse factors), and 
26% for the high-risk group (4 or 5 adverse factors) (21). 


General Management 


e The main modalities used to treat NHL are radiation therapy and chemotherapy, with 
surgery limited to secure the diagnosis or manage selected extranodal sites. 

e The initial decision in curative situations is between the use of local treatment alone 
versus a local and systemic approach. The choice is based on recognition of the 
potential for local control, inherent risk of occult distant disease, and availability of 
curative chemotherapy. 


Radiation Therapy 


e =Involved-field, extended-field, and total-lymphoid irradiation are the common terms 
used to describe the extent of radiation therapy. 

e Involved-field irradiation is most commonly used in localized lymphomas and implies 
treatment to the involved nodal regions with adequate margins or to the extranodal 
site and its immediate lymph node drainage area. 

e Extended-field radiation therapy is a treatment plan including radiation therapy to the 
next-echelon lymph nodes. 

e Data from a retrospective analysis of large institutional experience suggest that doses 
of 35 to 45 Gy are generally adequate to ensure high local control rates (17). The 
most frequent dose prescription was 35 Gy in 15 to 20 fractions over 3 to 4 weeks. 

e Doses are increased to 40 to 50 Gy in intermediate-grade lymphomas, especially the 
diffuse large cell type. When high doses are used for diffuse lymphomas, local 
recurrence rates vary from 15% to 20%. 

e Most patients with intermediate-grade lymphomas are treated with 
cyclophosphamide, doxorubicin, vincristine sulfate, and prednisone (CHOP) 
chemotherapy, followed by involved-field irradiation. Data suggest that the radiation 
dose can be limited to 30 to 35 Gy in patients who respond to chemotherapy (8). 


The appropriate margin consists of covering the contiguous lymphatic region (for 
stage | and Il limited disease) or all lymphatic regions on the ipsilateral side of the 
diaphragm (for stage II extensive disease). For patients with stage | lymphoma 
involving the right upper cervical lymph nodes, the irradiation volume includes the 
entire right neck and supraclavicular fossa; for patients with disease involving left 
inguinal and pelvic lymph nodes, it includes the ipsilateral pelvic and paraaortic lymph 
nodes. 

If radiation therapy is to be delivered on both sides of the diaphragm, an appropriate 
gap must be calculated between the fields at the surface of the skin on both the 
anteroposterior (AP) and posteroanterior portals to account for the normal divergence 
of the beam from each of the two fields. The objective of this calculation is to have the 
50% isodose lines of the superior and inferior fields match exactly at the midplane. 
Unlike in HD, mesenteric lymph nodes often are involved in NHL. In addition, the Gl 
tract is acommon site for primary extranodal lymphoma. Therefore, in NHL, the 
whole abdominal cavity frequently is treated. If doses over 20 Gy are used, posterior 
renal shielding is recommended to limit the dose to the anterior surface of both 
kidneys to 20 Gy. 

To treat abdominal disease, whole-abdomen irradiation based on an isocentric setup 
is planned (31). The upper abdominal field is set up on a four-field basis on a 
simulator. Initial treatment consists of simple anterior and posterior fields from the 
dome of the diaphragm to approximately the level of the iliac crests (assuming that 
the inferior margin does not cut across known tumor). When massive tumor occurs at 
this level, the entire abdominal contents, from diaphragm to the floor of the pelvis, are 
treated in one large field. When possible, lead blocks are placed over the lateral 
portions of each ileum to attempt to protect iliac bone marrow. 

With large fields, the dose should not exceed 1.5 Gy per day. A tumor dose of 
approximately 15 Gy over 2 to 3 weeks is administered to these large anterior and 
posterior fields. 

Throughout the initial portion of treatment, the right lobe of the liver is protected by an 
anterior lead block to minimize the dose that the liver receives; this will be 
compensated in the second portion of treatment to the abdominal field. The second 
portion of the abdominal treatment continues to treat the upper abdominal field by 
lateral fields. 

For massive abdominal disease, a pelvic (iliofemoral) portion of the irradiation field 
may continue by opposing AP techniques. The upper abdominal field receives 
opposing cross-table lateral fields with the patient in the supine position and with 
blocks to protect both kidneys. The kidneys are localized with CT scans or an infusion 
of contrast material in the treatment position on a simulator. The posterior margin of 
the lateral portal is placed anterior to the kidneys but posterior to the periaortic nodes. 
The anterior margin of the lateral portal should extend to the anterior abdominal wall. 
By use of these two opposing lateral fields, with carefully positioned kidney blocks, 
the upper abdomen (including the liver) receives another 15 Gy over approximately 2 
weeks, which brings the dose to the nodes to approximately 30 Gy over 
approximately 4 to 5 weeks. 

When kidney location prevents the use of lateral field technique, AP irradiation 
techniques are required, and the use of 5-cm-thick lead kidney blocks is necessary 
posteriorly to keep the total renal dose under 25 Gy. 

The final portion of the upper abdominal technique is a wide paraaortic field using 
anterior and posterior fields. The lateral width of the upper portion of this wide 
paraaortic field extends from the lateral margin of one kidney to the lateral margin of 
the opposite kidney. The total dose delivered to the central abdomen is 45 Gy over 
approximately 6 to 7 weeks. 

Caution should be used when blood cell counts are low or when prior chemotherapy 
has been used; pelvic therapy can be deferred until the upper abdominal irradiation is 
completed. 

In patients with advanced follicular lymphocytic lymphoma or follicular mixed 
lymphoma, total-body irradiation (TBI) may be used for palliation (3). Fractionation 
can be delivered in several ways, but typically a dose of approximately 1.5 Gy 
midplane over 5 weeks is administered, often at the rate of 30 cGy per week in 2 or 3 


fractions per week (10 to 15 cGy per fraction) (17). Total-body irradiation is tolerated 
well symptomatically. 


Chemotherapy and Combined-Modality Therapy 


e The choice of chemotherapy regimen is based on histology, irrespective of the site of 
disease. 

e In most instances when chemotherapy and irradiation are combined, chemotherapy is 
given first to allow assessment of response and reduction of disease bulk. 


Managemeni by Stage 
Stage I and Il Low-Grade Lymphomas 


e Stage | and II follicular lymphoma patients treated with irradiation alone have 
excellent survival. The overall survival rate at 5 years is 80% to 100% (6). 

e For these patients, no clear evidence shows any benefit to extended-field irradiation. 

e Low-grade lymphomas are more responsive to radiation therapy: Doses of 20 to 35 
Gy delivered in 10 to 20 fractions over 2 to 4 weeks result in local control rates of 
over 95%. 

e Most centers use a dose of 35 Gy in 15 to 20 fractions. 


Stage Ill and IV Low-Grade Lymphomas 


e For stage III low-grade lymphomas, excellent 5- and 10-year survival can be 
expected with conservative management in asymptomatic patients with treatment 
deferred until symptoms develop (28). 

e At that time, treatment may include small-field, low-dose irradiation for symptom 
relief. Alternatively, a single oral alkylating agent (e.g., chlorambucil or 
cyclophosphamide) may be used. 

e Intensive chemotherapy appears to be associated with a high probability of response, 
but also a continuous risk of relapse. 

e Although prolonged survival is usual, there is no evidence that cure can be achieved. 


Stage | and II Intermediate-Grade Lymphomas 


e Radiation therapy is curative in 40% to 50% of patients (20). 

e Patients with stage | and II extranodal lymphoma without poor prognostic features 
who complete combined-modality therapy have 80% to 90% 5-year survival. 

e With combined-modality therapy, excellent local control has been obtained with doses 
of 30 to 35 Gy delivered in 1.75- to 3.00-Gy fractions over 3 to 4 weeks. 

e Inaphase Ill Eastern Cooperative Oncology Group trial of CHOP alone versus 
CHOP plus radiation therapy for bulky intermediate-grade stage | and II NHL, patients 
achieving complete response with CHOP (eight courses) were randomized to 
consolidation irradiation or observation (16). The 6-year disease-free survival was 
58% in the CHOP arm and 73% in the CHOP and irradiation arm (p = .03). Overall 
survival was 70% for CHOP alone and 84% for CHOP and irradiation (p = .06). 

e Overall survival favored CHOP plus irradiation over CHOP alone (87% versus 75% 4- 
year survival) (p = .01) in Southwest Oncology Group trials (23). The survival 
advantage appeared to reflect excess deaths in the CHOP-alone arm. 

e The current recommendation for patients with stage | and II large cell lymphomas is 
for a short chemotherapy course (CHOP, three courses) followed by involved-field 
irradiation in patients with no bulky disease. However, a longer course of 
chemotherapy followed by irradiation may be optimal in patients presenting with bulky 
disease (greater than 10 cm) or rare or unfavorable extranodal sites (bone, 
extradural, etc.). 


Stage Ill and IV Intermediate-Grade Lymphomas 


e Inadvanced-stage disease, the mainstay of treatment is chemotherapy; CHOP is 
considered the standard treatment. 

e Although initially thought to be superior, more aggressive drug combinations have not 
produced a survival advantage (15). 


Stage Ill and IV Non-Hodgkin's Lymphomas 


e The role of radiation therapy in advanced-stage NHL is poorly defined. 

e The presence of residual mass in a site of prior bulky disease after chemotherapy 
does not always indicate presence of residual disease. 

e The principles of therapy of localized NHL are summarized in Table 53-3. 


Table 53-3: Basis for therapeutic decisions and recommendations (histology, stage, 
isite of presentation, and tempo of disease) 


Stages | and II Stages Ill and IV 
Low-grade lymphomas 


‘Recommended: Recommended: 


Involved-field irradiation Asymptomatic or small bulk disease: 
observation and deferred therapy 


Other treatment options: Symptomatic or bulky disease: combination 
chemotherapy with or without interferon 


Combined-modality therapy 
Observation and deferred therapy Other treatment options: 


Asymptomatic or small bulk disease: 
Single-agent chemotherapy 
Total-body irradiation 
Intermediate- or high-grade lymphomas 
Recommended: Recommended: 


Doxorubicin -based chemotherapy Doxorubicin -based chemotherapy 
followed by involved-field irradiation 


Adjuvant or prophylactic irradiation in 
selected presentations 


Craniospinal prophylaxis in selected 
presentations 


From Gospodarowicz MK, Wasserman TH. Non-Hodgkin's lymphomas. In: Perez CA, Brady 
LW, eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott- 
Raven, 1998:1987—2011, with permission. 


Primary Extranodal Lymphomas 


Gastric Lymphoma 


e Gllymphomas are the most common primary extranodal NHL; gastric location is most 
prevalent. 

e Recognition of MALT lymphoma as an infectious complication of Helicobacter pylori 
has led to its link to a high-grade gastric lymphoma. 


e Recommended antibiotic therapy includes metronidazole (400 mg t.i.d.), ampicillin 
(500 mg t.i.d.), and omeprazole (Prilosec) (20 mg b.i.d.), or tinidazole, clarithromycin 
(Biaxin), and omeprazole (17). The expected rate of eradication of H. pylori is 75% to 
90%. 

e Inan analysis of 175 gastric lymphomas by the Danish Lymphoma Study Group, 105 
were localized; surgery did not alter the overall or relapse-free survival rates (11). 

e Clinical trials are being proposed to treat patients with clearly resectable disease with 
surgery plus chemotherapy versus chemotherapy plus irradiation. Patients with 
unresectable disease will be randomized to chemotherapy alone versus 
chemotherapy plus irradiation. 


Intestinal Lymphoma 


e Primary intestinal lymphoma usually is diagnosed at laparotomy. 

e Surgical resection is standard. 

e When resection is not technically feasible in advanced disease, treatment is 
anthracycline-based chemotherapy, followed in some cases by radiation therapy. 

e Overall survival is poor. 


Waldeyer's Ring Lymphoma (Tonsil, Base of Tongue, Nasopharynx) 


e Traditionally, involved-field irradiation (primary tumor plus draining neck nodes) and 
moderate doses have been used for Waldeyer's ring lymphoma with survival rates of 
50% to 60% for stage IE lesions and 25% to 50% for IIE lesions (7). 

e Combined-modality therapy using doxorubicin-based chemotherapy and irradiation to 
the primary tumor and neck nodes results in local control rates of over 80% and 
overall survival rates of 60% to 75%. 


Salivary Gland Lymphoma 


e Lymphoma of the salivary gland occurs commonly in patients with Sjégren's 
syndrome. Myoepithelial sialoadenitis, considered part of the spectrum of MALT 
lymphoma, is also characteristic of Sj6gren's syndrome. 

e Radiation therapy offers excellent local control for limited-stage salivary gland 
lymphomas. 


Thyroid Lymphoma 


e With locoregional, moderate-dose irradiation (40 to 45 Gy), local control is achieved 
in over 75% of patients with thyroid lymphoma. 

e Linkage between the GI tract and Waldeyer's ring progression agrees with the 
categorization of thyroid lymphoma within the MALT system. 


Orbital Lymphoma 


e Symptoms of orbital lymphoma include ptosis, blurred vision, chemosis, and 
epiphora. 

e Tumors of the retrobulbar region present with swelling and proptosis, with disturbance 
of ocular movement. 

e Delineation of local disease extent is as important as staging evaluation to rule out 
generalized lymphoma. 

e Bilateral lesions do not have the unfavorable prognosis of generalized lymphoma, 
and in some series the incidence of distant relapse is similar for unilateral (30%) and 
bilateral (25%) cases (17). 

e Orbital lesions are easily controlled with low-to-moderate radiation doses. 


e Treatment with an anterior orthovoltage x-ray field or electron beam provides 
satisfactory therapy for anterior lesions limited to the eyelid or bulbar conjunctiva, with 
the advantage of sparing orbital structures compared with use of a photon beam. 

e If an anterior orthovoltage field is used, a small, lead eye shield suspended in the 
beam to shield the lens can result in a lens dose of less than 5% to 10% (14). 

e For unilateral retrobulbar tumors, a two-field technique is used (4- to 6-MV photons), 
with a corneal shield placed in the anterior and lateral fields, angled posteriorly, to 
spare the lens in both eyes (1). 

e Analternative arrangement uses an isocentric technique with two oblique (wedged) 
fields with a shield inserted in each, with the patient looking at the shield for each 
treatment field. 

e Radiation therapy (20 to 30 Gy in 10 to 20 daily fractions) results in a local control 
rate of over 95% for patients with low-grade orbital and conjunctival lymphomas. 

e Fewer data are available for intermediate- and high-grade lymphomas, but dose- 
control data for lymphoma suggest that for patients with small bulk tumors, a dose of 
35 Gy provides excellent local control (5). For patients with larger intermediate- and 
high-grade tumors, short-duration doxorubicin-based chemotherapy followed by 
radiation therapy is recommended (5). 


Breast Lymphoma 


e High-grade breast lymphomas in young women, which are commonly bilateral, tend 
to be associated with pregnancy and lactation and may disseminate rapidly to the 
central nervous system. 

e Breast preservation is possible in most cases. 

e Radiation therapy to the whole breast (45 to 50 Gy) and to the ipsilateral axillary 
lymph nodes (40 to 45 Gy) results in excellent local control (75% to 78%). 

e The current treatment recommendation in all patients with intermediate- and high- 
grade lymphomas is combined-modality therapy. Patients with low-grade lymphomas 
may be successfully treated with irradiation alone. 

e Central nervous system prophylaxis should be given to all patients with high-grade 
histology, especially those with bulky or bilateral disease. 


Testicular Lymphoma 


e Lymphoma accounts for 25% to 50% of primary testicular tumors in men older than 
50 years of age and is the most common testicular tumor in patients over 60 (13). 

e The incidence of bilateral involvement is as high as 18% to 20%. 

e Essentially all primary lymphomas of the testis are intermediate or high grade, with 
diffuse large cell lymphoma being most common. 

e Traditional postorchiectomy therapy involves radiation therapy to the paraaortic and 
ipsilateral pelvic lymph nodes, with cure rates of 40% to 50% for stage | and 20% to 
30% for stage II disease. 

e Doxorubicin -based chemotherapy improves survival to 93% at 4 years for patients 
with localized testicular lymphoma (9). 

e The role of radiation therapy is less clear. 

e Low-dose irradiation (25 to 30 Gy in 10 to 15 daily fractions) to the contralateral testis 
eliminates the risk of failure at this site, carries little morbidity, and is recommended 
for all patients with primary testicular lymphoma. 

e Central nervous system prophylaxis is an essential part of treatment. 


Bone Lymphoma 


e Long bones are the most common presentation site of bone lymphoma. 

e Patients with primary bone lymphoma should be treated with anthracycline-based 
chemotherapy and subsequent radiation therapy to the whole bone to a minimum 
dose of 35 Gy. 


e With current combined-modality therapy, overall survival and relapse-free rates 
exceed 70% at 5 years. 

e Magnetic resonance imaging is important in revealing extension of disease beyond 
that visualized by radiologic or radionuclide imaging. 


Primary Ceniral Nervous System Lymphoma 


e Two-thirds of patients with primary central nervous system lymphoma present with 
cerebral disease, with only a subset having meningeal, spinal cord, or ocular disease. 

e Pathologies are mostly of diffuse histology, predominantly B-cell tumors. 

e Radiation therapy improves median survival, but only to approximately 15 months. 

e Irradiation fields are usually whole brain, with an extension to the upper cervical 
spinal cord and occasionally to the orbit. 

e Radiation doses above 50 Gy may lead to longer survival. 

e Patients in a North Central Cancer Group and Eastern Cooperative Oncology Group 
trial were given CHOP for two cycles followed by radiation therapy to the whole brain, 
including C-2 extension, to 50.4 Gy. Unfortunately, the results of this study did not 
show any improvement over use of irradiation alone (25). 

e The experience of treating primary central nervous system lymphomas in patients 
with human immunodeficiency virus disease is very negative, with a mean survival of 
several months. It is unclear why these tumors are so resistant to chemoirradiation 
when this is not the case for other extranodal lymphomas. 


Cutaneous Lymphoma 


e Primary lymphomas of the skin are divided into three categories: low-grade, small 
lymphocytic-type T-cell lymphoma (mycosis fungoides/Sézary syndrome) (65%); T- 
cell lymphoma of larger cells (pleomorphic, immunoblastic, and anaplastic) (10%); 
and cutaneous B-cell lymphoma (25%) (27). 

e Infection with Borrelia burgdorferi has been implicated in the development of 
cutaneous B-cell lymphoma. 

e Total-body electron irradiation is the preferred treatment modality, with very high local 
control rates (85% to 100%) and favorable survival (27). 

e Both irradiation and chemotherapy produce an initial response, but rapid 
extracutaneous dissemination occurs in large cell T-cell lymphoma. 
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Epidemiology 


e The incidence of plasma cell tumors is now approximately the same as that for 
Hodgkin's disease and chronic lymphocytic leukemia (2 to 3 per 100,000). 


Natural History 


e Plasma cell neoplasms are associated with proliferation and accumulation of 
immunoglobulin-secreting cells derived from B-cell lymphocytes. 


Clinical Presentation 


e Common presenting complaints include bone pain (68%), infection (12%), bleeding 

(7%), and easy fatigability (6). 

Peripheral blood examination usually reveals anemia. 

Thrombocytopenia, granulocytopenia, or both are present in one-third of patients. 

Hyperglobulinemia can cause disturbances of the clotting mechanism. 

Hypercalcemia is present in 50% of patients. Skeletal radiographs demonstrate one 

of three common patterns: diffuse osteoporosis, well-demarcated lytic lesions, or 

localized cystic osteolytic lesions. 

e Plasma cell tumors secrete a measurable "paraprotein" in 95% to 99% of cases. 

e Immunoglobulin is found in 50% to 60% of cases and immunoglobulin A in 20% to 
25%. 


Solitary Plasmacytoma 


e Solitary plasmacytomas, which are localized lesions of bone or soft tissue, account 
for 2% to 10% of all plasma cell tumors (6). 

e Solitary plasmacytomas of bone most frequently involve the vertebral bodies or pelvic 
bones. Most patients presenting with a solitary plasmacytoma of bone ultimately 
develop myeloma(Fig. 54-1). 

e A second type of localized presentation occurs in soft tissue (extramedullary 
plasmacytoma) and arises most frequently in the upper respiratory tract (nasal cavity, 
nasopharynx, paranasal sinuses), lung, lymph nodes, spleen, and gastrointestinal 
tract. 

e Survival is much better with extramedullary plasmacytoma than with myeloma. 
Wiltshaw (7) reports a 40% survival rate at 10 years. 


No Multiple SPB Multiple 
Dissemination Myeloma 5 %-10% Sequential 
70 %-100 % 10-30% EMP 10% 
SPB 

No Multiple Multiple EMP 
Dissemination Myeloma Sequential (Rare Cases) 
20%-50% 4%-60 % SPB 10%-25 % 

View Figure 


Fig. 54-1: Evolution of extramedullary plasmacytomas (EMP) and solitary plasmacytoma of bone 
(SPB). (From Wassermann TH. Multiple myeloma and plasmacytomas. In: Perez CA, Brady LW, eds. 
Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:2013-2023, 
with permission.) 


Diagnostic Workup 


e The value of radionuclide bone scans in determining the extent of disease in 
myeloma is limited. 

e The diagnostic criteria for plasma cell tumors were defined by the Chronic Leukemia- 
Myeloma Task Force (2) as follows: 

e Patients with a paraimmunoglobulinopathy must have one or more of the following: 


1. Marrow plasmacytosis of greater than 5%. 
Biopsy tissue demonstrating replacement and distortion of normal tissue by plasma 
cells. 

3. More than 500 plasma cells per mm’ in the blood. 

4. Osteolytic lesions unexplained by other causes. 


e Patients without paraimmunoglobulinopathy must have radiographic evidence of 
osteolytic lesions or palpable tumors plus one or more of the following: 


1. Marrow plasmacytosis greater than 20% (in the absence of another disease capable 
of causing reactive plasmacytosis). 

2. Tissue biopsy specimens demonstrating replacement and distortion of normal tissue 
by plasma cells. 


e Skeletal survey is more sensitive than bone scan with technetium 99m in detecting 
bony lesions. 

e B2-microglobulin is a low-molecular-mass protein that is a function of both myeloma 
cell mass and renal function. Therefore, the serum level (24 to 6 mg per mL) has 
been useful in staging and prediction of survival. 


Prognostic Factors 


e Ina Southwest Oncology Group review of prognostic parameters in 482 patients with 
myeloma, factors associated with a shortened survival or remission duration were old 
age, severe anemia, hypercalcemia, blood urea nitrogen greater than 40 mg per dL, 
markedly elevated M protein, hypoalbuminemia, and a high tumor cell burden (1). 

e The most easily measurable and quantifiable and highly predictive parameters are 
the serum B2-microglobulin and serum albumin levels (<3 g per dL). 


General Management 


e Both chemotherapy and radiation therapy are effective in the palliation of myeloma. 
e Curative therapy for myeloma has not been established. 


Chemotherapy 


e The mainstay of chemotherapy in myeloma for the past two decades has been 
melphalan, frequently in combination with prednisone. 

e In one cooperative group study, this combination improved the response time in 
good-risk patients from 30 months (with melphalan alone) to 53 months (with 
melphalan and prednisone) (3). 


Radiation Therapy 


e Indications for radiation therapy include (a) primary treatment in localized 
presentations (solitary plasmacytomas of bone and extramedullary plasmacytomas); 
(b) palliation of pain not controlled by chemotherapy from bone lesions of 
disseminated disease; (c) prevention of pathologic fractures in weight-bearing bones; 
and (d) relief of spinal cord compression or nerve root compression. 

e The role of radiation therapy in myeloma is to treat lytic disease for impending 
fracture, spinal disease with impending cord compression, and areas of bony pain. 


Total-Body and Hemibody Irradiation 


e Hemibody irradiation is of value in patients with diffusely painful sites of disease. Pain 
relief occurs in 80% to 90% of patients, often within 24 to 48 hours, which is more 
rapid than the pain relief following local irradiation. 

e The median dose is 7.5 to 8.5 Gy. 

e Jacobs et al. (5) prospectively randomized 46 previously treated myeloma patients to 
systemic irradiation or to chemotherapy with melphalan and prednisone. Systemic 
irradiation was sequential hemibody irradiation (midplane dose of 6 Gy without 
correction for lung absorption); the lower hemibody was generally treated first. Use of 
systemic irradiation did not impair the secondary use of chemotherapy for patients 
whose myeloma progressed after irradiation. Objective response (250% reduction in 
plasma paraprotein level or disappearance of light chain in urine) was achieved in 
60% of patients receiving irradiation and 40% treated with chemotherapy. The rate of 
fall in paraprotein levels and the return of these toward normal levels were faster in 
the irradiated group. 


Radiation Therapy Techniques 
Solitary Plasmacytomas 


e The radiation volume (portals) for solitary plasmacytoma of bone should include the 
entire involved bone plus a 2- to 3-cm margin of surrounding normal tissue. 

e Plasmacytomas frequently extend into the adjacent soft tissues, requiring diligent 
evaluation for the true tumor extent. 

e Computed tomography is particularly helpful in defining paravertebral extension. 


e Treatment portals for extramedullary plasmacytomas should often include the primary 
draining lymph nodes; 50 Gy in 5 weeks is required. 


Myeloma 


e Symptomatic bony lesions of myeloma should be treated with portals that encompass 
the entire bone, if possible (e.g., the extremity). 

e It is important to use skin tattoos over the spine to assess the location of the field for 
future retreatment. 

e tis mandatory to keep fields in the pelvis, and in other areas involving abundant 
bone marrow activity, as small as possible to maximize marrow function for future 
chemotherapy. 

e In patients with large lytic lesions in weight-bearing bones such as the femur, 
orthopedic support should be used. Whether irradiation is delivered before or after 
bone fixation is probably not important. 

e Radiation therapy is primarily aimed at palliation or pain relief. A palliative dose of 15 
to 20 Gy in disseminated myeloma is recommended, with the exact dose determined 
by the rapidity of pain relief and the patient's general condition. 

e Use of strontium-89 therapy in patients with myeloma has not been widely reported, 
perhaps because the osteoclastic activity of myeloma would suggest a decreased 
accumulation of strontium 89 (4). 
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Bone Tumors 


e Primary bone neoplasms are rare. 

e The most common skeletal bone tumors are osteosarcoma (excluding myeloma), 
Ewing's sarcoma, chondrosarcoma, fibrosarcoma, malignant fibrous histiocytoma of 
bone, giant cell tumor, aneurysmal bone cyst, and chordoma. 

e Ewing's sarcoma is discussed separately later in this chapter. 


Anatomy 


e Osteosarcomas occur in the diaphyseal region of tubular long bones in 75% of cases, 
particularly in the distal femur or proximal tibia; 41% of osteosarcomas are located in 
flat bones (Paget's disease association) (3). 

e Chondrosarcomas are truncal 75% of the time; involved sites include the shoulder 
girdle, proximal shoulder, and humerus. 

e Like osteosarcomas, fibrosarcomas (malignant fibrous histiocytomas and malignant 
giant cell tumors) often occur in the femur or tibia; however, unlike osteosarcomas, 
most are in the metaphyseal or epiphyseal region. 

e Chordomas are malignant tumors arising from embryonic notochord remnants. Fifty 
percent originate in the sacrococcygeal region, 35% in the base of the skull, and 15% 
in the spine. 

e Aneurysmal bone cysts can occur in any bone, but most frequently occur in lower 
extremity long bones and vertebrae. 


Clinical Presentation and Natural History 


e Osteosarcomas usually present with local swelling and pain of the involved area. 
Joint effusion and pathologic fracture at presentation are uncommon. 

e Metastases from osteosarcoma are present in 17% of patients at diagnosis and in 
80% at 18 months. The primary mode of hematogenous spread initially results in 
pulmonary metastases (98%), followed by bone (37%), pleura (33%), and heart 
(20%) (10,34). 

e Chondrosarcomas are more locally aggressive and follow a more indolent course 
than osteosarcomas. 

e Like osteosarcomas, chondrosarcomas commonly metastasize to the lungs and may 
dedifferentiate to aggressive fibrosarcomas or osteosarcomas (10). 

e Chondrosarcomas in the pediatric population are aggressive and behave like classic 
osteosarcomas (29). 

e Pathologic fractures are more common with fibrosarcomas and malignant fibrous 
histiocytomas of bone than with other types of bone tumors. 

e The histologic grade of the fibrosarcoma determines how it behaves. High-grade 
fibrosarcomas are locally aggressive and behave like osteosarcomas, resulting in a 5- 
year survival rate of 27% (11). Periosteal and low-grade fibrosarcomas are less 
aggressive, with 5- and 10-year survival rates of 50%. 


e The clinical symptoms of chordoma depend on its location. Pain and abnormal gait 
may be related to cord compression or nerve root compression, which predominate in 
paraspinal and sacrococcygeal lesions. 

e Chordomas are slowly growing, locally malignant tumors that present late in the 
disease or with very large primary lesions (28). They have a 10% to 25% incidence of 
metastases. 

e Malignant fibrous histiocytoma of bone is very aggressive locally and has a high rate 
of lung metastases, with most recurrences appearing within 21 months of diagnosis 
(12). Malignant transformation of benign giant cell tumors must be strongly suspected 
if recurrence is discovered more than 5 years after treatment. Malignant degeneration 
after surgery is usually of lower histologic grade than after radiation therapy. 


Diagnostic Workup 


e Table 55-1 outlines the suggested diagnostic workup for malignant bone tumors. 

e Standard imaging techniques include plain x-ray films, computed tomography (CT) 
and magnetic resonance (MR) imaging of the affected bone and surrounding soft 
tissues, and a whole-body radionuclide bone scan (11,13). 

e Plain films and CT scans of the lung are necessary because of the high rate of 
metastases. 

e CT and MR imaging are important in evaluating chordomas because of the soft tissue 
component. Other radiologic features of chordoma include irregular bone destruction, 
with or without areas of calcification. 

e The typical presentation of malignant fibrous histiocytoma (with or without a 
pathologic fracture, which is common) is a predominantly metaphyseal radiolucent 
lesion, frequently with epiphyseal extension. 

e It is not possible to differentiate a benign from a malignant giant cell tumor by 
radiographic examination (7,11,13). 

e Aneurysmal bone cysts are usually well-defined, expansile metaphyseal or 
diaphyseal lesions characterized by a blowout appearance with internal septa and 
ridges (13). 


Staging Systems 


e There is no universally accepted staging system for primary bone sarcomas. 
e The Enneking staging system classifies tumors according to grade, local extent, and 
presence or absence of distant metastases (14) (Table 55-2). 


Pathologic Classification 


e Classic osteosarcoma is usually poorly differentiated; 85% of lesions are grade 3 or 
4, with varying amounts of cyst formation, hemorrhage, and necrosis. The last three 
points are important when radiosensitivity is being considered. 

e "Skip" bone metastasis may be seen with osteosarcomas. It consists of a second, 
smaller focus of osteosarcoma in the same bone or a second bone lesion on the 
opposing side of a joint space, with no gross or microscopic continuity or pulmonary 
metastases. 

e Grade is an important prognostic indicator in chondrosarcomas, which are graded 1 
to 3. 

e Malignant fibrous histiocytoma of bone is a primitive, undifferentiated pleomorphic 
sarcoma. The extent of local spread on pathologic examination is almost always 
greater than is visible by routine radiography (11). 

e Grade is not a reliable prognosticator in giant cell tumors or osteoclastomas. 

e Massive spindle cell sarcomatous stroma is seen in malignant giant cell tumors. 


Prognostic Factors 


The most important factor in osteosarcoma is metastasis at presentation. Radiation- 
induced osteosarcoma has a worse prognosis. 

Prognostic factors in chondrosarcoma include histologic grade, size, cell type, 
location, stage at presentation, patient age, degree of local aggressiveness, and 
presence or absence of pain at presentation (19). Metastases developed in 0% of 
patients with grade 1 chondrosarcoma, 10% with grade 2, and 73% with grade 3 (52). 
The metastatic rate for low-grade fibrosarcoma is 5% to 15%; the rate of distant 
metastasis for high-grade fibrosarcoma is equal to that of osteosarcoma (29). The 
overall 5-, 10-, and 20-year survival rates are 34%, 28%, and 25%, respectively (19). 
The most important prognostic indicators for chordoma are site of origin and local 
extension of tumor (2,9). 

Although malignant fibrous histiocytoma is very aggressive with a poor prognosis 
(29), researchers at Johns Hopkins University found that these lesions are less 
aggressive than fibrosarcomas and osteosarcomas (23). Survival rates of 58% and 
43% at 5 and 10 years, respectively, have been reported (11). 


General Management 
Osteosarcoma 


Initial management includes a small incision for biopsy and meticulous closure to 
promote healing. 

The best treatment for osteosarcoma includes systemic chemotherapy and surgical 
resection (30,32). 

Patients treated with less radical (limb-salvage) surgery have the same survival 
characteristics as those treated with more aggressive procedures. 

Soft tissue problems (e.g., wound necrosis), which are the most frequent 
complications in limb-salvage surgery, have decreased with the aggressive use of 
rotational and free flaps at the time of surgery. 

Rosen et al. (27) reported a response rate of 77% with doxorubicin, vincristine 
sulfate, high-dose methotrexate, and cyclophosphamide. 

A randomized trial by the European Organization for Research and Treatment of 
Cancer showed that a short-term, aggressive, preoperative chemotherapy regimen in 
operable osteosarcoma gives the same results (in terms of toxicity, percentage of 
necrosis, and outcome) as longer and more complex multiagent chemotherapy 
regimens (4). 

Although the natural history of this disease has not changed, a significant benefit to 
postoperative adjuvant chemotherapy was shown by the Multi-Institutional 
Osteosarcoma Study (21). 

Combined radiation therapy and chemotherapy were recommended by Memorial 
Sloan-Kettering researchers for extrapulmonary metastases and small primary 
lesions in patients with metastatic disease (27). 

Resection of pulmonary metastases may improve patient survival. 


Chondrosarcoma 


The treatment of choice for chondrosarcoma is surgery. 

The 5-year survival rate for patients with this tumor is 6% with biopsy alone; average 
survival without therapy is 1.8 years (18). 

The standard surgical procedure is wide total excision with possible amputation, 
including the biopsy tract and avoiding tumor exposure during the operation. 
Radiation therapy has been advocated for inoperable lesions and for palliation 


(7,16,31). 


Malignant Fibrous Histiocytoma of Bone 


Primary treatment traditionally has been aggressive surgery involving radical 
resection, amputation, or disarticulation. 


e Radiation therapy responses have occurred predominantly with histiocytic rather than 
fibrocytic histologies (19). 


Giant Cell Tumor 


e Cassady (7) recommended surgery as primary therapy for giant cell tumors, reserving 
irradiation for when specifically warranted. 

e Radiation therapy is used for inoperable lesions, incomplete resections, and local 
recurrences after surgery. It is also used in cases in which significant functional 
disability will occur if surgery is performed. 


Aneurysmal Bone Cyst 


e Surgery with curettage and bone grafting or cryosurgery, if possible, is the preferred 
treatment. 

e Nobler et al. (25) showed a decrease in local recurrence from 32% to 8% with 20 to 
30 Gy of postoperative irradiation. 


Chordoma 


e Radical surgery and radiation therapy often are limited with chordomas because of 
the proximity of neural structures, especially at the base of the skull and the spine; 
this often results in local recurrence. 

e Acombination of surgery and postoperative irradiation is considered standard 
treatment for resectable chordomas. 

e Radiation therapy as a single modality is the standard procedure for definitive 
treatment when surgery is not indicated. 


Radiation Therapy Techniques 


e Definitive radiation therapy requires meticulous planning and patient immobilization. 

e Customized Lipowitz metal block (cerrobend) shielding or multileaf collimation and 
sparing of a strip of skin (1.5 to 2.0 cm if possible) on one side of an extremity are 
essential in limiting distal-extremity edema and constrictive fibrosis. 

e Treatment planning based on CT or MR imaging and electron beam availability can 
improve therapeutic results. 

e Use of particle-beam irradiation has been suggested because bone tumors are not 
considered to be very radioresponsive and are frequently located in areas in which a 
sharp beam collimation is essential to prevent severe side effects (e.g., lesions of the 
base of the skull). Several retrospective studies showed increased local tumor control 
when particle beams were used (3). 


Osteosarcoma 


e Numerous radiation therapy approaches have been investigated for osteosarcoma. 

e A multicenter trial using combined intraarterial chemotherapy and irradiation (up to 46 
Gy in 2- to 3-Gy fractions) reported a local tumor-control rate of 98.5% in 66 patients, 
60 of whom underwent limb-sparing surgery (35). Similar results were reported by 
Temple et al. (33). 

e An 81% local tumor-control rate was reported in 21 patients treated palliatively with 
hypofractionated accelerated irradiation with or without chemotherapy, whereas a 
92% local tumor-control rate was noted in 13 patients treated with combined 
modalities for cure (22). 

e Similar impressive local tumor-control rates have been achieved with 50 to 60 Gy of 
intraoperative radiation therapy, with or without preoperative chemotherapy (36). 

e Aggressive multimodality management of osteosarcoma is associated with an 
impressive morbidity rate. 


e Pulmonary irradiation, either alone or with chemotherapy, has been investigated 


(5.6). 


Chondrosarcoma 


e Inthe treatment of chondrosarcoma, M. D. Anderson Cancer Center (24) and 
Princess Margaret Hospital (16) reported local tumor control rates of 45% to 50% with 
40 to 60 Gy at 2 Gy per fraction using multiple fields. 

e The entire bone was treated if medullary involvement was present. 


e Patients at M. D. Anderson Cancer Center were treated with a combination of photon- 
neutron therapy. 


Malignant Fibrous Histiocytoma of Bone 


e Reagan et al. (26) reported postoperative tumor control in 75% of patients with 
malignant fibrous histiocytoma of bone who were treated with a combination of 
photons and electrons (median dose of 60 Gy in 43 days). 

e Hirano et al. (17) reported encouraging results with intraoperative radiation therapy 
delivery of 15 to 30 Gy. 


Giant Cell Tumor 


e An 80% local tumor control rate was reported in patients with giant cell tumors who 
were treated with 45 to 55 Gy (8); similar control rates have been reported by other 
researchers. 


Chordoma 


e Surgery is the mainstay of treatment for chordoma. However, because surgical 
excision is usually incomplete due to tumor location (base of skull or spine), radiation 
therapy also plays a significant role in this disease. 

e Doses of 50 to 60 Gy have been reported to provide significant tumor control 


(1.15,20). 


e Particle beams have been used to treat chordoma. 
Sequelae of Treatment 


e The effects of radiation therapy on bone are directly related to the dose and treatment 
volume and inversely related to age at time of therapy. 

e Clinically evident growth abnormalities are evident 6 months and 1 year after 
treatment in infants and in older children, respectively. 

e Scoliosis after vertebral irradiation is limited and is frequently compensated for by 
pelvic tilt. 

e Irradiated bone is more prone to infection, fracture, and necrosis because of 
radiation-induced small-vessel changes. 


Table 55-1: Diagnostic workup for bone tumors 
General 
History 
Physical examination 
Special studies 
Open biopsy, avoiding incision over area not to be irradiated 


Bone marrow aspiration and biopsy (for Ewing's sarcoma) 
Radiologic studies 
Standard 
Plain radiography of bone and chest 
Computed tomography of affected bone, surrounding soft tissue, and lungs 
Radionuclide bone scan 
Magnetic resonance imaging of affected bone and surrounding soft tissue 
Optional 
Angiography 
Laboratory studies 
Complete blood cell count on admission 
Blood chemistry profile 
Urinalysis 
Erythrocyte sedimentation rate 


Table 55-2: Enneking staging system for bone sarcomas 


Grade (G) 

G1, low grade Parosteal osteosarcoma 
Endosteal osteosarcoma 
Secondary chondrosarcoma 
Fibrosarcoma, low grade 
Atypical malignant fibrous histiocytoma 
Giant cell tumor 
Adamantinoma 

G2, high grade Classic osteosarcoma 
Radiation-induced sarcoma 
Paget's sarcoma 
Primary chondrosarcoma 
Fibrosarcoma, high grade 
Malignant fibrous histiocytoma 
Giant cell sarcoma 

Local extent (T) 


T1, intracompartmental Intraosseous 
Paraosseous 
T2, extracompartmental Soft tissue extension 


Extrafascial or deep fascial extension 
Metastases (M) 


MO No distant metastases 

M1 Distant metastases exist 

Staging grouping 

IA G1 T1 MO 


IB G1 T2 MO 


IIA G2 T1 MO 
IIB G2 T2 MO 
III G1 or G2 T1 or T2 M1 


From Enneking WF, Spanier SS, Goodman MA. A system for staging musculoskeletal 
sarcoma. Clin Orthop 1980;153:106, with permission. 


Ewing's Sarcoma 
Natural History 


e Although any bone can be the site of a primary lesion, the first Intergroup Ewing's 
Sarcoma Study (IESS-I) reported the femur as the most common site at initial 
presentation in 55 of 251 patients (22%) (49). 

e The diaphysis is more commonly involved than the metaphysis or the epiphysis (the 
latter being very rare). 

e Hematogenous metastases frequently occur in the lungs and other skeletal bones. 
Other common sites involve visceral organs. 

e Lymph node metastases are rare. 


Clinical Presentation 


e Localized pain, tenderness, and swelling of the lesion, with frequent pyrexia, are 
presenting symptoms. 

e Nonsymptomatic metastases are usually present at diagnosis. 

e Metastatic symptoms, when present, include multifocal bone pain and shortness of 
breath. 


Diagnostic Workup 


e Although any bone abnormality that appears malignant could be Ewing's tumor, its 
classic plain-radiographic appearance is that of a diaphyseal tumor permeating the 
medullary cavity, with a periosteal classic onion-skin appearance. It frequently is 
associated with a soft tissue mass. 

e Neuroblastoma can simulate the appearance of Ewing's sarcoma on plain films. 

e CT or MR imaging scans should be obtained to evaluate the soft tissue component, 
which is usually more extensive than is visible on plain radiographs. 

e Abone scan should also be obtained to detect asymptomatic skeletal metastases. 

e The most important diagnostic tool is open biopsy, because an aspiration needle 
biopsy may not provide a definitive diagnosis to differentiate Ewing's sarcoma from 
neuroblastoma or other small round-cell bone tumors in the pediatric population. 


Pathologic Classification 


e Several microscopic patterns exist; the most common is the diffuse pattern, which 
corresponds to the classic description. 

e The lobular pattern involves fibrovascular septa separating multicellular aggregates of 
tumor. 

e The relatively uncommon filigree pattern, in which tumor is found in roughly bicellular 
strands separated by a filmy fibrovascular stroma, carries a poorer prognosis than 
other patterns (46). 

e ~=Askin's tumor of the chest is probably a variant of Ewing's sarcoma (38). 


Prognostic Factors 


e Aside from metastases, the size of the primary tumor at diagnosis is the most 
important prognostic variable. 

e Other features include site of tumor and presence of honeycombing (50). 

e Tumors of the pelvis have the worst prognosis, followed by those involving other 
proximal bones such as the femur and humerus. Distal long bones have a better 
prognosis. 

e Favorable prognostic factors include female gender, diagnosis less than 1 month 
after onset of symptoms, and a high lymphocyte count. 


General Management 


e Surgery is the treatment of choice for lower-extremity lesions in children with unfused 
epiphyses, impending pathologic fracture, or bones that are expendable (fibula, 
clavicle, and certain ribs). 

e Amputation may be reserved for local failures after radiation therapy. 

e Administration of granulocyte colony-stimulating factor has allowed for more intensive 
chemotherapy (vincristine sulfate, dactinomycin [actinomycin D], cyclophosphamide, 
doxorubicin [Adriamycin], or ifosfamide with mesna). 

e The best results have been achieved with multimodality regimens involving adjuvant 
irradiation and chemotherapy. 

e Treatment of metastatic Ewing's sarcoma with the VAC-ADR regimen (vincristine 
sulfate, cyclophosphamide, dactinomycin, and doxorubicin) plus 45 Gy of radiation 
therapy to the primary tumor and smaller total doses of radiation to metastases has 
resulted in 5-year survival rates of approximately 30%, as reported in IESS-I and -lIl 
(42). Better results have been reported from Memorial Sloan-Kettering Cancer Center 
(47) and St. Jude's Children's Hospital (51). 

e The role of bone marrow transplantation using total-body photon irradiation has been 
investigated by the National Cancer Institute (39) and the University of Florida (46). 


Radiation Therapy Techniques 


e The IESS-II required doses of 45 Gy to the whole bone with two boosts of 5 Gy each 
(including the soft tissue mass) to tumor margins of 5 cm and 1 cm, while sparing the 
uninvolved epiphysis (if possible) in cases in which the tumor was at or near the end 
of a long bone (41). 

e Pediatric Oncology Group study 8346 showed no advantage for whole-bone 
irradiation compared with tailored portals with 5-cm margins (43). 

e Local tumor control rates of 52% to 90% have been reported (37,44). 

e Hyperfractionation results from the University of Florida were excellent when 1.2 Gy 
was administered twice daily, with total doses of 50.4 to 60.0 Gy (45). 

e Table 55-3 provides a summary of radiation therapy guidelines. 


Sequelae of Treatment 


e When the femur is treated, two-thirds of the patients develop shortening of 2 cm or 
more, and one-third develop pathologic fractures (3). One in four patients with a tibial 
primary tumor requires amputation after irradiation. 

e The rate of secondary malignancies is reported to be 0% to 1% for patients who 
receive a median dose of less than 60 Gy (40,48). 

e Investigators from Stanford University reported an actuarial risk of 8% for second 
malignancy and 4% for a secondary bone sarcoma in 25 patients (53). 


Table 55-3. : Simplified radiation therapy guidelines in Pediatric Oncology Group study no. 9354/CCG study 
no. 7942 after 12 weeks of induction chemotherapy 


Dose (Gy) (1.8 
Treatment Gy/fraction) Volume 


Radiation therapy 


alone 

No soft tissue 55.8 OBA + 2 cm 
involvement 

Soft tissue involvement 

Initial 45 OBA + OSTE + 2 cm 
Boost 55.8 OBA + PSTE + 2 cm 
Gross residual surgery + radiation therapy 

Initial 45 PRE RES + 2 cm 
Boost 55.8 POST RES + 2 cm 
Microscopic residual or marginal resection 

Initial 45 OBA + OSTE + 2 cm 
Boost 50.4 Postresection area of positive margin + 


2 cm 


OBA, original bony abnormalities; OSTE, original soft tissue abnormalities; PSTE, 
postinduction chemotherapy soft tissue extension; PRE RES, tumor before resection; POST 
RES, tumor after resection. 
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Introduction 


e Sarcomas constitute a relatively rare group of malignancies arising from the 
connective tissues of the body. 


e They can occur within any organ or any anatomic location within the musculoskeletal 


system. 


e Soft tissue sarcomas are derived from mesenchymal soft tissues, which constitute 


approximately 50% of body weight. 
e Other sarcomas are discussed in different chapters of this book. 


Anatomy 


Because soft tissue sarcomas initially remain confined to the muscle compartment of 
origin, knowledge of the anatomic location of these muscle groups is important to the 
radiation oncologist to permit appropriate positioning of the limb. This in turn ensures 
that the compartment at risk is encompassed, that the tumor receives adequate 
coverage during radiation therapy, and that compartments that are not involved are 
avoided. 

The thigh is the most common subsite of origin. The muscle compartments of the leg 
and upper extremity are defined in a fashion similar to the fascial components of the 
thigh (Fig. 56-1). 


View Figure 
Fig. 56-1: To treat anterior thigh musculature, the leg is often placed in the frog-leg position. 
This separates the anterior thigh from the posterior and medial compartments. 


Clinical Presentation and Risk Factors 


e In general, the tumor presents as a painless lump of a few weeks' to months' 
duration, growing by direct spread along the longitudinal axis of the muscle 
compartment without traversing or violating the major fascial planes or bone. Sudden 
increase in size of atumor at presentation or afterwards is due to hematoma 
formation. 

e Invasion proceeds to adjacent muscle, skin, nerves, and bone. 

e Tumors of the trunk, head, and neck may invade adjacent structures earlier. 

e Lymph node metastases are uncommon, but are an ominous sign when they occur. 
This is in contrast to synovial cell sarcomas, undifferentiated sarcomas, 
rhabdomyosarcomas, and epithelial sarcomas, in which the anticipated rate of nodal 
involvement is 20%. 

e =Skin involvement is seen in approximately 10% of patients. 

e Hematogenous metastasis is the most common pattern of metastatic disease and 
occurs more frequently as the tumor enlarges. 

e The lung is the most common site of metastatic disease. 


Pathologic Classification 


e The most common soft tissue sarcoma is malignant fibrous histiocytoma, which 
occurs in 40% of cases. 

e Over 100 types of soft tissue sarcomas have been described in the World Health 
Organization classification. 


Diagnostic Workup 


e A detailed family history and specific questioning with regard to prior therapeutic 
irradiation are critical. 

e The physical examination must detail the size and characteristics of the mass, and, 
for limb lesions, the proximity to joints. 

e Evidence of neurovascular compromise and fixation to bone should be evaluated with 
magnetic resonance imaging or computed tomography with contrast, keeping in mind 
the potential for limb-sparing surgical procedures. 

e Careful lymph node examination should be performed. 


e The diagnostic workup for patients with soft tissue sarcomas is shown in Table 56-1. 


Table 56-1: Diagnostic workup for patients with soft tissue sarcomas 


Routine studies 
History and physical examination 
Complete blood cell count and chemistry profile 
Plain radiograph of involved area 
Computed tomography or magnetic resonance imaging scan of involved site 
Chest radiograph 
Computed tomography scan of chest 
Complementary studies 
Bone scan 
Arteriography or magnetic resonance angiogram 
Lymphangiogram 


Ultrasound 


Staging System 


e Staging of soft tissue sarcomas is shown in Table 56-2. 

e Along with stage, the histologic grade of the tumor, primary tumor site, superficial or 
deep compartment involvement, regional lymph node involvement, and distant 
metastases should be described. 


Table 56-2: Tumor node metastasis staging for soft tissue sarcomas 
Primary tumor (T) 


TX Primary tumor cannot be assessed 
TO No evidence of primary tumor 
T1 Tumor £5 cm in greatest diameter 
Tia Superficial tumor? 
Tib Deep tumor 
T2 Tumor >5 cm in greatest diameter 
T2a Superficial tumor? 
T2b Deep tumor 
Nodal involvement (N) 
NX Regional nodes cannot be assessed 
NO No regional lymph node metastasis 
N1 Regional lymph node metastasis 
Distant metastasis (M) 
MX Distant metastasis cannot be assessed 
MO No distant metastasis 
M1 Distant metastasis 


Tumor grade (G) 
GX Grade cannot be assessed 


G1 Well differentiated 

G2 Moderately differentiated 

G3 Poorly differentiated 

G4 Undifferentiated 

Stage grouping 

Stage IA (low grade, small, superficial, deep) G1-2 Tia-1b [No IMO 

Stage IB (low grade, large, superficial) G1-2 T2a NO MO 

Stage IIA (low grade, large, deep) G1-2 T2b NO MO 

Stage IIB (high grade, small, superficial, deep) G3-4 Tia-1b NO MO 

Stage IIC (high grade, large, superficial) G3—4 T2a NO MO 

Stage III (high grade, large, deep) G3—4 T2b NO MO 

Stage IV (any metastasis) Any G Any T N1 MO 
Any G Any T NO M1 


“Superficial tumor is located exclusively above the superficial fascia without invasion of the 
fascia; deep tumor is located either exclusively beneath the superficial fascia, or superficial to 
the fascia with invasion of or through the fascia, or superficial and beneath the fascia. 
Retroperitoneal, mediastinal, and pelvic sarcomas are classified as deep tumors. 


From Fleming ID, Cooper JS, Henson DE, et al., eds. AJCC cancer staging manual, 5th ed. 
Philadelphia: Lippincott-Raven, 1997:149—156, with permission. 


Prognostic Factors 


Tumor grade is the most important factor in overall and disease-free survival. 

In an analysis of prospectively collected data from a population of 1,041 adult patients 
with localized extremity soft tissue sarcomas at Memorial Sloan-Kettering Cancer 
Center, significant independent adverse prognostic factors for local recurrence 
included age greater than 50 years, recurrent disease at presentation, 
microscopically positive surgical margins, and the histologic subtypes fibrosarcoma 
and malignant peripheral-nerve tumor. For distant recurrence, intermediate tumor 
size, high histologic grade, deep location, recurrent disease at presentation, 
leiomyosarcoma, and nonliposarcoma histology were independent adverse 
prognostic factors (6). 

Cellularities, nuclear pleomorphism, low-grade diploidy, high-grade aneuploidy, 
number of mitotic figures per high-power field, and degree of necrosis have significant 
influence on the ultimate outcome. 


General Management 


Surgical approaches to soft tissue sarcomas can be grouped into four categories, 
based on the surgical plane of dissection. 

An intralesional procedure is performed to accomplish biopsy, but presents the 
problem of seeding along the wound. 

A marginal procedure removes the tumor within the confines of the pseudocapsule, 
but with a significant likelinood of subclinical disease being left behind. The local 
recurrence rate is approximately 80%. With more extensive excision, residual tumor 
has been reported in 45% to 49% of specimens (4). 

In wide local excision, the tumor is removed with a margin of normal tissue from 
within the same muscle compartment; the local recurrence of 30% to 60% with this 
operation reflects the wide variability of the surgical procedures used. 


A radical excision removes the entire tumor and the structures of origin en bloc. The 
local recurrence rate is approximately 10% to 20%, although this procedure 
frequently is associated with substantial functional compromise. 

Amputation, which is not recommended for extremity sarcomas in most cases and is 
used in only approximately 5% of patients, may fall within any category, depending on 
the location within the extremity and the margins of tissue obtained around the tumor. 
The efficacy of radiation therapy is greatly influenced by the quality of the surgical 
procedure. 

If there is doubt concerning the amount of residual tumor or the adequacy of the 
excision, reexcision should be considered; this is because positive margins greatly 
increase the risk of local recurrence, even when postoperative irradiation is given. 
Surgical scars are at risk for subclinical disease and should be oriented longitudinally 
in the extremity. Circumferential irradiation of scars oriented other than in a 
longitudinal fashion is hazardous because of the impact on lymphatics draining the 
extremity. 

Surgical clips should be used to mark the tumor bed and the tumor volume to aid in 
patient positioning for treatment planning (Fig. 56-2). 

The rationale for combining radiation therapy and surgery is to avoid the functional 
and cosmetic deficits of radical resection and the late consequences of high doses of 
radiation alone to large volumes of normal tissues. 

Radiation therapy in moderate doses (60 to 65 Gy in 6 to 7 weeks) is effective in 
eradicating microscopic extension of the excised gross lesion (5). 

Moderate dose levels of radiation and relatively conservative surgery accomplish the 
same results as more radical surgery. 

Local recurrences of low-grade lesions often can be reexcised with organ 
conservation, unlike intermediate- and high-grade sarcomas, which require more 
aggressive management. 

Radiation therapy generally is not indicated for low-grade sarcomas, and should be 
reserved for tumors with positive margins, deep lesions that are difficult to follow, 
questionable margins, and location in which local recurrence would require 
amputation. 

The current standard of care for most soft tissue sarcomas is limb-preserving surgery 
and pre-, peri-, and postoperative radiation therapy, with or without chemotherapy. 


Fig. 56-2: A: Simulation film of a posterior thigh tumor for a patient with a grade 2 malignant fibrous 
histiocytoma. The original field treats part of the femur. The cone-down field treats the tumor with a 2- 
cm margin around the surgical clips. B: Final cone-down tumor volume restricts the dose to the 
tumor bed plus a 2-cm margin. 


Radiation Therapy Techniques 


e Adjuvant brachytherapy improves local control after complete resection of soft tissue 
sarcomas. This improvement in local control is limited to patients with high-grade 
histopathology. For patients with high-grade tumors and positive surgical margins, 
radiation therapy yielded a higher local regional control rate than the group that did 
not receive radiation therapy, 74% vs. 56% at 5 years, respectively (p = .01) (1). 

e Inthe design of a radiation therapy treatment program, it is important to keep the 
following issues in mind: 


—_ 


Immobilization and repositioning are critical. 

2. Beam energies of 4- to 6-MV photons (or higher) are necessary to ensure 
homogeneity of radiation dose delivery. 

3. Three-dimensional treatment planning is important to ensure coverage of the target 

area while sparing normal tissues. A combination of photons and electrons may 

enhance optimization of the dose in the treated volume. 


4. Bolus is used for skin or superficial subcutaneous tissue involvement. 

5. A 1-cm strip of skin (at minimum) should be preserved, particularly in the extremities, 
to avoid lymphedema. 

6. Treatment guidelines for soft tissue sarcomas are shown in Table 56-3. 

7. Radiation doses should be reduced when chemotherapy is given; 2 or 3 days should 


elapse before and after administration of doxorubicin (Adriamycin) before radiation 
therapy is begun. 


Preoperative Radiation Therapy 


Preoperative radiation therapy has the potential advantages of rendering an 
unresectable tumor resectable, allowing limb-salvage surgery, reducing the risk of 
seeding at the time of surgery, and permitting larger radiation therapy fields without 
interfering with wound healing. 

In 110 patients with locally advanced disease treated with preoperative radiation 
therapy, the local failure rate was 10% and the local control rate 83% at 5 years (2). 
Suit et al. (8) reported a local failure rate of 10% with 181 patients treated in a similar 
fashion. 


Postoperative Radiation Therapy 


Postoperative radiation therapy should begin approximately 10 to 20 days after 
surgery. 

Various studies show local failure rates of 10% to 22% for postoperative irradiation 
(3,7,8). 

A combination of either preoperative or postoperative irradiation with limited surgery 
produces local control and disease-free survival comparable to those of radical 
surgery. 

Worse survival in patients with stage IIB and IIIB disease is attributable to distant 
metastases. However, preoperative irradiation results for these patients are better 
than postoperative results, perhaps because there is less seeding at the time of 
surgery. 


Table 56-3: Treatment guidelines for soft tissue sarcomas 


Preoperative Postoperative 
Dose 45-50 Gy 64.8-70.2 Gy 
1.8-2.0 Gy/fraction (1.8-2.0 Gy/fraction 

High 8—10-cm margin on tumor 10-cm margin on surgical scar 

grade mass 
Initial volume to 40-50 Gy 
First cone-down to 55.8—59.4 Gy with 5-cm 
margin 
Second cone-down to 64.8—70.2 Gy with 2-cm 
margin 

Low 5-cm margin on tumor mass |5-cm margin on surgical scar 

grade 
Cone-down to 2 cm around tumor bed 

Chemotherapy 


Numerous clinical trials have investigated the value of chemotherapy for patients with 
soft tissue sarcomas, but the data are difficult to interpret because of the 
heterogeneity of the tumors studied, the relatively small number of patients in each 
trial, and the variety of drugs and dosage schedules investigated (4). 

Contemporary data clearly indicate that multidrug chemotherapy regimens, combined 
with radiation therapy, have a significant impact on improving local control and 
ultimate outcome. 

The most common regimens include cyclophosphamide, vincristine sulfate, 
doxorubicin, and dacarbazine, or a combination of doxorubicin and ifosfamide. 
Combined drugs give better results than single drugs. 


e Inthe United States, patients with stage II and III (high-grade) tumors currently are 
offered multiagent chemotherapy in spite of the equivocal results from the 
metaanalysis published by Tieney et al. (9). 


Sequelae of Treatment 


e Short-term sequelae of radiation therapy usually are limited to moist desquamation in 
the high-dose volume, particularly if the beams are tangent to the skin. The risk is 
increased in patients with more than 50% of the diameter of the extremity included in 
the field, as well as in those receiving concurrent doxorubicin (4). 

e Patients undergoing treatment for truncal tumors may experience nausea or 
thrombocytopenia. 

e Major wound complications (requiring a subsequent invasive procedure) occur in 
approximately 10% of patients after surgical resection, with or without postoperative 
irradiation. This rate may be somewhat higher (approximately 15%) in patients 
treated with preoperative irradiation or brachytherapy within 5 days after surgical 
resection (4). 

e Long-term sequelae after conservative surgery and irradiation for extremity lesions 
may significantly limit the function of the preserved limb. These sequelae include 
decreased range of motion and muscle strength, contracture of the joint, edema, 
pain, and bone fracture. Complications can be reduced by sparing a strip of normal 
tissue and uninvolved muscle to allow lymphatic drainage from the extremity. 

e Physical therapy is essential in minimizing disabilities. Mobility of the extremity should 
be stressed, and patients should be placed on an exercise and range-of-motion 
program early in the course of therapy. 

e High-dose radiation does not appear to compromise the viability of the skin grafts 
used to repair defects after sarcoma surgery, assuming adequate time is allotted for 
healing (at least 3 weeks) (4). 

e Fertility can be preserved in men undergoing irradiation for lower-extremity sarcomas 
by using a gonadal shield to decrease testicular dose. 
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Anatomy and Development 


e The anatomy of the brain was described in Chapter 15. There are no significant 
anatomic differences between the central nervous system (CNS) of a child and the 
CNS of an adult. 

e The CNS in children reaches morphologic maturation during the first 2 years of life. 

e The brain's neuronal complement and organization are essentially complete at birth; 
however, the myelin sheaths that cover the long nerve processes forming the 
connecting tracks or white matter of the brain and spinal cord are lacking. 
Myelinization occurs in a progressive anatomic sequence early in life, beginning with 
the corpus callosum centrally, and ending with the white matter of the cerebral 
hemispheres peripherally at 12 to 24 months of age. 

e As functional maturation continues, the brain develops motor and sensory 
coordination during the first several years of childhood, and progressive intellectual 
capacities throughout childhood and adolescence. 

e The type and degree of neurologic and neurocognitive alterations associated with 
brain irradiation correlate with age-related developmental status. 


Medulloblastoma 


e Medulloblastoma is an undifferentiated tumor believed to arise from the primitive 
multipotential medulloblast, embryologically located in the external granular layer of 
the cerebellum. It is classically identified as a primitive neuroectodermal tumor 
presenting in the posterior fossa. 

e After much debate, the World Health Organization preserved the term 
medulloblastoma and identified the supratentorial primitive neuroectodermal tumor 
(PNET) as a specific undifferentiated embryonal neoplasm separate from classic 
embryonal tumors, with clear lines of differentiation (Table 57-1). 


e The "staging" system is based on operative observation of tumor extent, now 
modified by imaging, and neuraxis staging, as suggested by Chang in the pre- 
computed tomography (CT) era (Table 57-2). 

e Current data indicate that M stage correlates significantly with outcome, but local 
tumor extent (T stage, including T3b or brainstem invasion) has little impact in series 
reporting aggressive surgical resection (1). 


Management 


e The initial approach is gross total resection; complete or near-total resection is 
achieved in 70% to 90% of children and is associated with improved disease control 
(1). 

e Radiation therapy is often curative and is central in the management of 
medulloblastoma. 

e Medulloblastoma is sensitive to chemotherapy; high response rates have been 
documented with alkylating agents (especially cyclophosphamide) and platinum 
compounds (1). 

e The combination of aggressive chemotherapy with incomplete or inadequate 
craniospinal irradiation (CSI) is associated with high rates of neuraxis recurrence (1). 

e In patients receiving pre-CSI chemotherapy, the risk of neuroaxis progression 
increases with the duration of chemotherapy (21). 

e High-dose chemotherapy with autologous marrow rescue has occasionally been 
effective as a salvage regimen in recurrent disease (34). 


Radiation Therapy 


e Because the entire subarachnoid space is at risk, full neuraxis irradiation is 
mandatory. 

e Adequate coverage at the subfrontal cribriform plate is particularly important; 
subfrontal recurrences are well documented and technically avoidable (Fig. 57-1) 
(19). 

e CSI typically is performed with the patient in a prone position by means of an 
immobilizing cast or vacuum device. 

e Lateral craniocervical fields adjoin a posterior spinal field (or two adjacent spinal fields 
in larger children). 

e The junction between the lateral and posterior fields is critical, and generally is 
achieved with correction for both superior divergence of the posterior spinal field 
(using a collimator angle for the lateral fields) and caudal divergence of the lateral 
fields (using a couch angle for the lateral fields). An "exact" three-dimensional (3-D) 
junction is preferable, obviating the need for a "gap" yet requiring a shifting junction to 
minimize anatomically any dosimetric inhomogeneity (58). 

e =A frequently used "moving junction” allows for the elimination (or marked decrease) of 
dose inhomogeneity at the craniospinal portal junction and minimizes failures or 
complications (28). 

e The posterior orbit is not included for CNS tumors requiring CSI. 

e The spinal subarachnoid space extends caudally to S2 or beyond. 

e The lateral margins should dosimetrically include the width of the vertebral bodies 
beyond the neural foramina; a sacral "spade" is usually unnecessary, although in 
younger children the thoracic spinal component can be blocked to better spare the 
heart and lungs. 

e Use of electrons for spinal irradiation has been reported (37), but late results are 

unavailable. Electrons offer a potential advantage in limiting exit dose, but require 

detailed attention to adequate coverage at depth and junctional homogeneity. 

The posterior fossa "boost" typically is designed to encompass the entire infratentorial 

compartment (Fig. 57-1). 

e Investigations of 3-D conformal techniques and more localized boost volumes (using 
conventional, 3-D conformal, or stereotactic radiosurgical technique) are under 
evaluation (44). 


e The usual sequence of therapy is CSI followed by posterior fossa boost. Therapy may 
need to be initiated with posterior fossa irradiation if neurologic or hematologic status 
initially precludes accurate CSI. 

e Medulloblastoma is a relatively radiosensitive tumor. Local tumor control exceeds 
80% with posterior fossa doses of 54 to 55 Gy (with field reduction after 45 Gy) in 1.6- 
to 1.8-Gy fractions (23). 

e With postoperative irradiation alone, the standard neuraxis dose is 35 to 36 Gy (1.5 to 
1.8 Gy/fraction) (3). 

e A recent randomized Pediatric Oncology Group (POG) study of 126 children showed 
that reduced-dose neuraxis irradiation (23.4 Gy) was associated with increased risk 
of neuraxis relapse and decreased survival compared with a standard dose of 36 Gy 


(59). 


c + 
Fig. 57-1: A: Craniospinal irradiation volume includes the entire intracranial subarachnoid space, 
covering the cribriform plate (arrows) in a 3-year-old child with close margin at the eye (markers). B: 
A wider margin is possible in a teenager with pneumatized frontal sinuses (arrows). C: Limits of 
posterior fossa fields include entire posterior fossa, based on tentorium (superiorly) in midsagittal 
magnetic resonance imaging projection, posterior clinoid (anteriorly), and typically includes C1 to 
ensure coverage at the inferior margin of the posterior fossa. (Courtesy of M. Sontag, Ph.D.) 


Table 57-1: Histopathologic typing of central nervous system tumors: World Health Organization classification 


Tumors of neuroepithelial tissue 


Astrocytic tumors (astrocytoma, anaplastic astrocytoma, glioblastoma, pilocytic 
astrocytoma, pleomorphic xanthoastrocytoma, subependymal giant cell astrocytoma) 


Oligodendroglial tumors (oligodendroglioma, anaplastic oligodendroglioma) 


Ependymal tumors (ependymoma, anaplastic ependymoma, myxopapillary 
ependymoma) 


Mixed gliomas (oligoastrocytoma, others) 
Choroid plexus tumors 


Neuronal tumors (gangliocytoma, ganglioglioma, desmoplastic infantile 
neuroepithelioma, dysembryoplastic neuroepithelial tumor) 


Pineal tumors (pineocytoma, pineoblastoma) 
Embryonal tumors 

Medulloepithelioma 

Neuroblastoma 

Ependymoblastoma 


Primitive neuroectodermal tumors, medulloblastoma (posterior fossa, cerebellar), 
cerebral or spinal primitive neuroectodermal tumors 


Tumors of meningothelial cells 
Meningioma 
Malignant meningioma 
Tumors of uncertain histogenesis 
Hemangioblastoma 
Germ cell tumors 
Germinoma 
Embryonal carcinoma 
Endodermal sinus tumor 
Choriocarcinoma 
Teratoma 
Mixed germ cell tumors 
Tumors of the sellar region 
Pituitary adenoma 
Craniopharyngioma 


Note: Bold identifies embryonal tumors generically identified as primitive neuroectodermal 
tumors or PNET. 


Modified from Kleihues P, Burger PC, Scheithauer BW, eds. Histological typing of tumours of 
the central nervous system. Berlin: Springer-Verlag, 1994. 


Table 57-2: Chang staging system for medulloblastoma 


Primary tumor (T) 
T1 (Tumor <3 cm in diameter 
T2 |Tumor =3 cm in diameter 


T3a Tumor >3 cm in diameter with extension into the aqueduct of Svivius or into the 


foramen of Luschka 
T3b Tumor >3 cm in diameter with unequivocal extension into the brainstem | 


T4 Tumor >3 cm in diameter with extension up past the aqueduct of Sylvius or down past 
‘the foramen magnum (i.e., beyond the posterior fossa) 


Distant metastasis (M) | 
MO No evidence of subarachnoid or hematogenous metastasis | 
M1 Tumor cells found in cerebrospinal fluid | 


M2 Intracranial tumor beyond primary site (e.g., subarachnoid space or in the third or 
lateral ventricles) 


M3 Gross nodular seeding in spinal subarachnoid space 
M4 Metastasis outside the cerebrospinal axis (especially bone marrow, bone) 


Note: T3b is generally defined by intraoperative demonstration of tumor extension into the 
brainstem. 


From a pre-CT era system described by Chang CH, Housepian EM, Herbert C Jr. An 
operative staging system and a megavoltage radiotherapeutic technic for cerebellar 
medulloblastomas. Radiology 1969;93:1351, as modified by J. Langston (personal 
communication, 1988). 


Embryonal Tumors/Primitive Neuroectodermal Tumors and Malignant 
Rhabdoid or Atypical Teratoid Tumors 


e The World Health Organization classification identifies the specific histiotypes as 
medulloepithelioma, ependymoblastoma, or cerebral neuroblastoma; those without 
specific differentiation are classified as primitive neuroectodermal tumors— 
medulloblastoma when located in the cerebellum, and PNET when supratentorial 
(Table 57-1). 

e Pineoblastomas are clinically grouped with the embryonal tumors. 


Management 


e Tumor extent and location often limit resectability of supratentorial PNETs, 
ependymoblastomas, pineoblastomas, and rhabdoid tumors. 

e Cerebral neuroblastomas frequently are circumscribed lesions, with gross total 
resection reported in over 25% of cases (25). 

e Postoperative neuraxis irradiation with local boost to the primary tumor site is 
standard in children older than 3 to 4 years of age. 

e Guidelines for technique and dose are similar to those outlined for medulloblastoma: 
Boost volumes for supratentorial or pineal region tumors are defined as wide local 
volumes with 2- to 3-cm margins, based on preoperative tumor extent and 
postsurgical anatomic changes. 

e Limited data support local fields only for cerebral neuroblastoma; most series 
recommend CSI (32). 

e Embryonal tumors in infants and young children generally are treated with initial 
chemotherapy (either lomustine [CCNU], vincristine sulfate, and prednisone or the "8- 


in-1" regimen) (25,48). 


Ependymoma 


Ependymomas are derived from the ependymal cells lining the ventricular system; 
they occur throughout the CNS. They are seen infrequently in children. 

In children, 90% of ependymomas are intracranial neoplasms; 60% to 70% arise in 
the posterior fossa, primarily within the fourth ventricle. 

Supratentorial ependymomas occur predominantly in the parietal and frontal lobes, 
often contiguous with the ventricular system. They rarely occur as intraventricular 
tumors. 

Posterior fossa lesions classically arise along the floor of the fourth ventricle and 
frequently extend through the foramen of Luschka toward or into the cerebellopontine 
angle. 

In infants, tumors may originate in the cerebellopontine angle. 

Tumors grow through the foramen magnum in up to 50% of cases, usually as 
tonguelike projections extending to the C1 or C2 level; caudal extension may reach to 


C5 (16). 


Prognostic Factors 


In a review of 37 children, univariate analysis showed that total surgical resection and 
median infratentorial location correlated with better outcome (p <.002). Loss of 
differentiating structures or a combination of necrosis, endothelial proliferation, and 
mitotic index higher than 5 were associated with poor prognosis. Adjuvant 
chemotherapy or radiation therapy significantly enhanced progression-free survival 
only in patients who had incomplete tumor resection (9). 


Management 


Maximal surgical resection is the optimal initial therapy (9), although it possibly should 
be delayed in infants in whom response to initial chemotherapy may permit more 
complete "secondary" resection. 

For supratentorial tumors, size and location may limit resectability. 

Radiation therapy adds to disease control and survival. Two retrospective reviews 
indicate survival of 0% and 13% with surgery alone compared with 45% and 59% with 
irradiation (p = .03) (46). 

Ependymomas are relatively sensitive to chemotherapy, especially alkylating agents 
and platinum compounds. 

A trial of adjuvant lomustine, vincristine sulfate, and prednisone showed no 
improvement in disease control (31). 


Radiation Therapy 


Debate continues regarding the appropriate irradiation volume for intracranial 
ependymomas. 

Some series indicate overt neuraxis dissemination at diagnosis in 3% to 16% of 
children; this is more often documented by cytology alone than by cranial and spinal 
imaging (46). 

Although historic data suggested a correlation between high-grade or anaplastic 
posterior fossa ependymomas and spinal seeding, subsequent data failed to 
substantiate a site- or histology-specific relationship (3,29,46). 

The incidence of neuraxis failure, either alone or in combination with local recurrence, 
is estimated to be 12% (30). 

In most series, neuraxis failure is associated with simultaneous local recurrence in at 
least 50% of cases. 

Disease control rates in contemporary series show no advantage to full cranial or 
craniospinal volumes compared with wide local fields, based on modern imaging (46). 
The standard local volume for posterior fossa ependymomas encompasses the entire 
posterior fossa. 

Fields are the same as those for medulloblastoma except in the lower margin; in 
ependymoma, the inferior limit is typically at the C2-3 interface. 


For tumors extending into the upper cervical spine, the inferior margin should be two 
vertebral levels below the preoperative tumor extent until field reduction at 45 Gy. 
Based on the recognized failure pattern at sites of identified invasion or disease 
residual, there now is greater acceptance of more localized treatment volumes. 
Prospective studies will address volumes defined by preoperative tumor extent 
(rather than the anatomically defined posterior fossa), with boost fields limited to sites 
of known invasion or residual disease (30). 

For supratentorial ependymomas, wide local fields are defined by preoperative tumor 
extent, accounting for shifts in the normal brain postoperatively; margins of 2 to 3 cm 
are recommended (30). 

For documented intraventricular extension, full ventricular irradiation (45 Gy) is 
appropriate. 

Current guidelines call for 50 to 55 Gy to the primary tumor site, including field 
reduction at 45 Gy to more narrowly encompass the tumor bed (16). 

Boost doses to 55 to 65 Gy have been recommended and are directed to small 
volumes of known residual disease, preferably using stereotactic radiosurgery or 
fractionated stereotactic irradiation (17). 


Malignant Brain Tumors in Infants and Young Children 


Approximately 20% of pediatric brain tumors occur in infants and children younger 
than 3 years of age. 

Compared with tumors in older children, those occurring in this age group are more 
likely to be malignant by histology (embryonal tumors, malignant gliomas, choroid 
plexus carcinomas, malignant rhabdoid tumors) and clinical behavior; supratentorial 
in location (especially during the first year of life); and associated with subarachnoid 
metastasis at diagnosis (46). 

Surgery is more difficult in the infant brain. 

The therapeutic index for radiation therapy is restrictive, with increased long-term 
neurologic and neurocognitive deficits leading to recommendations for dose 
reductions for children younger than 2 to 3 years of age (3). 

Results for medulloblastoma, ependymoma, and pineoblastoma show less favorable 
prognosis for children younger than 3 to 5 years of age (3.46). 

Supratentorial astrocytomas (especially optic chiasmatic/hypothalamic) are also 
common in young children; low-grade tumors are discussed elsewhere (30). 


Management 


Data indicate successful treatment without irradiation in a small number of children 
with medulloblastoma and resected ependymoma. 

Stereotactic irradiation has been used in treating pediatric bone tumors with special 
immobilization techniques. Tumor doses of 50.4 to 60.0 Gy were delivered in 28 to 30 
fractions (27,36,47). 

For children who progress during chemotherapy or have persistent disease at 
completion, aggressive CSI (30 to 35 Gy) has resulted in greater than 50% disease 
control at 5 years for medulloblastoma. Toxicities, although recognized, have been 
acceptable (15). 

The large POG and Children's Cancer Group (CCG) "baby protocols," using 1 to 2 
years of postoperative chemotherapy and systematic (POG) or selected (CCG) 
delayed irradiation, established progression-free survival rates of 37% at 2 years (all 
malignant cell types, POG) and 23% at 3 years (embryonal tumors and 
ependymomas, CCG) (7). 

Disease control has been moderately successful with malignant gliomas (3-year 
progression-free survival of 45%), medulloblastomas (88%), and ependymomas 
(45%), but poor with pineoblastomas (0%) (7). 


Low-Grade Gliomas 


e Almost 40% of pediatric brain tumors are low-grade gliomas (astrocytomas, 
oligodendrogliomas, mixed gliomas, and mixed neuroepithelial tumors). 

e Astrocytomas present most often as supratentorial tumors; 60% occur in the 
diencephalon (hypothalamus, optic chiasm/optic pathways, thalamus) and 40% in the 
cerebral hemispheres. 

e _Infratentorial astrocytomas involve the cerebellum or brainstem. 

e Optic pathway tumors are low-grade gliomas (largely astrocytomas) in 90% of cases. 

e Unique among childhood astrocytomas is the relative frequency of juvenile pilocytic 
astrocytoma (JPA), which is generally an indolent, circumscribed tumor. 

e Oligodendroglioma is less common in children. 

e Mixed gliomas most often include both oligodendroglial and astrocytic components. 

e Although low-grade gliomas are classically localized, circumscribed tumors, they can 
show multifocal or disseminated disease; multiple tumor sites are seen in up to 20% 
of JPAs or ordinary astrocytomas, either at diagnosis or as a primary pattern of failure 
(35). 

e Progression or transformation toward malignant glioma occurs in 10% to 15% of 
children with ordinary astrocytoma, especially if uncontrolled (45). 


Low-Grade Diencephalic Gliomas (Optic Chiasmatic/Hypothalamic Gliomas, Low-Grade 
Thalamic Gliomas) 


e Itis difficult to differentiate tumors of the optic chiasm from those of the 
hypothalamus. 

e By convention, suprasellar tumors that involve the visual pathways (optic nerve or 
tract) are termed optic chiasmatic tumors. 

e Optic pathway gliomas are divided between anterior (40%, involving the optic nerve 
or chiasm) and posterior tumors (60%, involving the chiasm plus the hypothalamus, 
with or without extension into the optic tracts). 

e Thalamic gliomas present throughout the pediatric age group, without specific 
association with neurofibromatosis type 1 (NF-1). 


Management 


e Tumors of the optic pathways may be relatively indolent (even asymptomatic), or, 
conversely, associated with significant vision loss or disabling diencephalic signs. 

e Treatment is indicated for significant visual or neurologic deficits or for objective 
evidence of progression based on serial imaging or visual testing. 

e Optic nerve glioma is managed by observation or resection, with the latter restricted 
to patients with disease anterior to the chiasm and little or no vision. 

e Resection has been recommended for "exophytic" chiasmatic/hypothalamic tumors 
(61); radiation therapy is highly effective (50). 

e Surgical intervention for thalamic glioma has been controversial (2). Radiation 
therapy achieves durable disease control in approximately 50% of cases (3). 

e Outcome is correlated with histology and is superior in JPA. 

e Trials of chemotherapy have been prompted by radiation-related toxicities in very 
young children with optic chiasm/hypothalamic gliomas. 


Radiation Therapy 


e Local treatment volumes are used for optic pathway and hypothalamic tumors. 

e Lesions confined to the chiasm and/or hypothalamus can be treated with 
conventional arcs or multiple coplanar configurations; early experience suggests 
excellent coverage with fractionated stereotactic irradiation or 3-D conformal 
techniques (13,17). 

e Optic pathway tumors that involve the optic nerves or optic tracts (sometimes 
extending posteriorly beyond the lateral geniculate bodies to the optic radiation) 
require opposed lateral high-energy fields, at least for a sizable component of the 
total irradiation dose. 


e Children with NF-1 frequently exhibit "NF-1" lesions (characterized by absence of 
enhancement and bright, focal signal on T2 sequences) that do not show neoplastic 
potential; such foci are common in the basal ganglia and brainstem and do not 
require radiation coverage. 

e Dose levels of 50 Gy are recommended for children older than 3 years of age, but are 
reduced to 45 Gy in infants. 

e Thalamic gliomas usually require local treatment volumes; evidence of extension (into 
the midbrain or across the corpus callosum) calls for wider margins. 

e Evolving experience with 3-D planned therapies suggests efficacy for localized low- 
grade thalamic gliomas (17). A dose of 54 Gy is recommended (3). 


Low-Grade Cerebral Hemispheric Gliomas 


e Histologically, these tumors are predominately astrocytomas (JPA, ordinary 
astrocytomas); oligoastrocytomas are common (45). 


Management 


e Complete resection is the goal for most hemispheric gliomas (45). 

e There is clearly no indication for adjuvant irradiation in completely resected low-grade 
astrocytomas. Similar recommendations are suggested for oligoastrocytoma and 
oligodendroglioma (45). 

e For incompletely resected tumors, long-term disease control has been well 
documented after irradiation (3,54). 

e Desmoplastic cerebral tumors (astrocytoma, infantile ganglioglioma, desmoplastic 
neuroepithelial tumor) are often massive, superficial lesions that occur in infants and 
young children, and are usually resectable despite their extent; adjuvant therapy is 
not indicated. 


Radiation Therapy 


e Local treatment volumes are indicated for low-grade gliomas. 

e Use of 3-D conformal techniques or fractionated stereotactic irradiation is of value in 
these circumscribed lesions (17). 

e The recommended dose is 54 to 55 Gy; controlled studies of doses approximating 60 
Gy with stereotactic techniques are ongoing (54). 


Cerebellar Astrocytomas 


e Cerebellar astrocytomas are benign, relatively common tumors occurring primarily in 
children 3 to 5 years of age. 
e The tumors are classically cystic; approximately 85% are JPA histologically. 


Management 


e Complete resection, the treatment of choice, is achievable in 80% to 90% of cases 
(24). 

e Recurrence after gross total resection is anecdotal (24). 

e A clear indication for postoperative irradiation is unconfirmed in the literature. 

e The availability of focal, fractionated radiation techniques raises the question of 
whether small areas of residual diffuse (i.e., not JPA) cerebellar astrocytomas might 
be best managed by judicious postoperative irradiation, thus avoiding the larger 
treatment volumes likely to be required with progressive tumors usually residual along 
the brainstem. 


Malignant Gliomas 


e Malignant gliomas represent 7% to 10% of pediatric CNS tumors and approximately 
15% of astrocytomas and common glial neoplasms. 

e Histologically, 50% to 60% are anaplastic astrocytomas, 30% to 40% are 
glioblastomas, and 10% to 20% are anaplastic oligodendrogliomas and malignant 
mixed gliomas (38). 

e The tumors are locally infiltrating; most series indicate a 5% to 10% rate of neuraxis 
dissemination at diagnosis. 


Management 


e Outcome is clearly superior after aggressive surgical resection for cerebral 
hemispheric malignant gliomas. 

e It is rare to achieve more than biopsy or limited resection in thalamic tumors (25). 

e Radiation therapy is indicated postoperatively, except for children younger than 3 to 5 
years of age who enter initial chemotherapy studies. 

e The use of chemotherapy in childhood malignant gliomas has been supported by a 
CCG study testing postoperative irradiation versus combined irradiation and 
chemotherapy (vincristine sulfate, lomustine, prednisone) (57). 


Radiation Therapy 


e Asin adults, current recommendations include wide local volumes for both thalamic 
and cerebral hemispheric tumors, based on preoperative tumor extent and 
reconfiguration of the brain after resection. 

e Margins typically are defined at 2 cm beyond the hypodense area on CT or T1- 
weighted magnetic resonance imaging (MRI) scan. 

e There has been limited use of CSI in malignant gliomas. 

e Although disseminated disease has been documented in up to 30% to 40% of 
children with supratentorial lesions, the incidence of isolated neuraxis failure remains 
at or below 10% (38). 

e Limited data fail to indicate an advantage with "preventive" or therapeutic neuraxis 
irradiation. This is believed to be due to limited impact with tolerated doses of CSI 
(30). 

e Use of stereotactic interstitial implants and radiosurgical boost therapy has been 
reported in pediatric malignant gliomas (17). Numbers are inadequate to draw 
conclusions, which must be based on the broader experience in young adults. 

e Dose recommendations parallel those in adults (54 to 60 Gy with conventional 
fractionation). 

e Atrial of hyperfractionated irradiation has recently been completed by POG, although 
the Radiation Therapy Oncology Group adult experience makes it unlikely that a 
significant gain will be suggested (40). 


Brainstem Gliomas 


e Brainstem gliomas arise in the midbrain (or mesencephalon, including the tegmentum 
and tectal plate), pons, or medulla. 

e Approximately 75% are pontine gliomas, presenting as diffusely infiltrating, expansile 
lesions that commonly extend longitudinally (to the medulla or midbrain) and into the 
cerebellopontine peduncles. 

e Brainstem gliomas occur predominantly in children between 3 and 9 years of age. 

e Brainstem tumors in children are classified as high or low grade. Fisher et al. (11) 
suggested that these tumors may be better biologically classified as (a) diffusely 
infiltrating, generally fibrillary astrocytomas, located in the ventral pons, and 
associated with a grim prognosis, or as (b) focal, frequently pilocytic astrocytomas, 
arising outside the ventral pons, often with dorsal exophytic growth and associated 
with excellent prognosis. 


Management 


e The morbidity of biopsy within the pons and the lack of histology-specific therapeutic 
options virtually obviate indications for surgery for pontine gliomas (30). 

e Dorsally exophytic brainstem gliomas require judicious surgical resection; a 
significant percentage will need ventriculoperitoneal (VP) shunt placement. 

e Biopsy generally is indicated for tegmental midbrain tumors. 

e Tectal plate tumors obstruct the aqueduct of Sylvius even when very small; VP shunt 
is indicated, followed by observation. 

e Biopsy for typically indolent tectal plate tumors usually is deferred until documented 
growth requires therapeutic intervention (49). 

e Intrinsic tumors at the cervicomedullary junction have been resected in some 
neurosurgical centers; further therapy is indicated only for the infrequent, high-grade 
neoplasms (30). 

e Radiation therapy is the primary treatment for brainstem gliomas arising in the pons 
(42). The radiation response and yet poor outcome have encouraged trials of 
hyperfractionated irradiation in this tumor system. 

e Chemotherapy has little efficacy in pontine gliomas. 


Radiation Therapy 


e infiltrating tumors of the pons require 2- to 3-cm anatomic margins in defining the 
target volume; T2 imaging is most accurate in outlining longitudinal (to the medulla 
and midbrain) and axial extension (to the cerebellopontine peduncles and into the 
cerebellum). 

e Opposed lateral high-energy-beam fields are used most often. 

e The target volume for dorsally exophytic tumors is limited to the postoperative area of 
disease residual or progression along the posterior and/or lateral surface of the 
medulla or pons. 

e Fractionated stereotactic irradiation or 3-D conformal therapy may be ideal for these 
tumors. 

e Focal tumors intrinsic to the pons or small lesions of the midbrain are ideally treated 
by standard coronal arc technique or the newer 3-D modalities. 

e The potential advantage of hyperfractionated irradiation in brainstem gliomas was 
reported using 72 Gy at 1 Gy twice daily (60). 

e When disease control and toxicity data are combined, a "best" hyperfractionation 
regimen is suggested at 70.2 or 70.0 Gy, using 1.17- or 1.00-Gy fractions, 
respectively (42). 

e It is unclear whether hyperfractionated schedules offer any improvement compared 
with pre-1985 series using conventionally fractionated regimens (54 to 55 Gy at 1.8 
Gy per fraction) (3). 

e A prospective randomized POG trial compared hyperfractionated (70.2 Gy in 30 
fractions of 1.17 Gy) to conventional irradiation (54 Gy in 30 fractions of 1.8 Gy), in 
both schedules combined with concurrent cisplatin (30); results are not yet available. 

e Late toxicities with high-dose hyperfractionation, including neurocognitive deficits, 
hearing loss, leukoencephalopathy, diffuse microhemorrhages, and dystrophic 
calcifications on MRI, limit enthusiasm for routine use of hyperfractionated therapy for 
pontine gliomas or the more favorable brainstem presentations (13). 

e For dorsally exophytic or focal brainstem tumors, "standard" irradiation regimens 
have used 50 to 55 Gy at fraction sizes approximating 1.8 Gy. 

e Trials are under development in the cooperative groups to incorporate conventionally 
fractionated irradiation to the 55.8-Gy level. 

e Use of conventionally fractionated dose schedules delivered by 3-D techniques offers 
the most beneficial risk-benefit ratio based on available data. 


Craniopharyngioma 


e Craniopharyngioma is a benign tumor, arising from squamous cell rests derived from 
Rathke's pouch during embryogenesis, in the region of the pituitary stalk (classically 
from the tuber cinereum). 

e Craniopharyngioma presents as a suprasellar tumor, frequently partially calcified and 
usually including an intrasellar component. 

e Cystic or solid tumor extension may occur laterally into the middle cranial fossa or 
posteriorly into the posterior fossa. 

e Endocrine deficits are apparent in 50% to 90% of children at diagnosis, most often 
related to growth hormone, thyroid-stimulating hormone, and adrenocorticotropic 
hormone; diabetes insipidus is present in 10% to 15% (56). 


Management 


e Treatment for craniopharyngioma is controversial. 

e Total resection as the primary approach is attempted in most cases (51). 

e Recurrence is relatively infrequent after imaging-confirmed resection; recent series 
indicate failure in 10% to 30% of cases (6,51). 

e Postoperative imaging shows residual calcifications or frank tumor in up to 15% to 
25% of cases coded at surgery as completely resected (6). 

e Tumor control using limited surgery and irradiation results in durable disease control 
in 80% of children who are followed for 20 years after therapy (5). 

e Numerous series document excellent progression-free survival rates at 10 to 20 years 
(30). 

e Results of primary irradiation are superior to those with delayed therapy. 

e For incompletely resected tumors, it is generally preferable to administer 
postoperative irradiation rather than await tumor progression (30). 

e The cystic nature of craniopharyngioma has led to trials of intracystic applications of 
beta-emitting radionuclides such as yttrium 90 or phosphorus 32 (33). 

e Use of stereotactic radiosurgery has been reported in selected cases of minimal 
residual or recurrent disease; most promising are early reports of fractionated 
stereotactic irradiation (33). 

e There are no data regarding systemic chemotherapy for craniopharyngioma and only 
limited reports of intracystic bleomycin sulfate. 


Radiation Therapy 


e The target volume for craniopharyngioma is narrowly confined to the tumor volume, 
including the solid component and cyst(s). 

e In cases with cyst aspiration or limited resection, it is important to cover the cyst wall. 

e It is appropriate to limit the target volume to postoperative residual tumor if large 
cystic components are removed surgically. 

e High-energy photons are used with two or three stationary fields or the classic 
coronal arc configuration. 

e There is considerable enthusiasm for stereotactic irradiation or 3-D conformal 
therapy, limiting the high-dose volume to the well-circumscribed neoplasm (28). 

e Improved disease control has been reported with doses of 50 to 60 Gy using 
conventional fractionation (1.8 Gy once daily) (3). 

e Toxicity (including optic neuropathy and brain necrosis) is associated with doses 
higher than 60 Gy (3). 


Pineal Region Tumors and Intracranial Germ Cell Tumors 


e Pineal region tumors include a variety of histiotypes arising in the posterior third 
ventricular region. 

e Germ cell tumors (60% to 70%) and pineal parenchymal tumors (pineoblastoma or 
pineocytoma, 10% to 20%) are most common (8,26). 


e As diagnostic imaging becomes more specific regarding pineal versus broader third 
ventricular origin, the proportion of cases represented by astrocytomas, 
ependymomas, other glial tumors, and arachnoid cysts has diminished. 

e Intracranial germ cell tumors present as midline third ventricular tumors, occurring in 
the pineal region (50% to 60%) or the suprasellar region (30% to 35%); occasionally 
they arise in the basal ganglia/thalamic region. 

e All malignant and benign germ cell phenotypes occur as primary intracranial lesions: 
60% to 70% are germinomas; 15% to 20% are "marker-secreting" types (embryonal 
carcinoma, endodermal sinus or yolk sac tumor, choriocarcinoma), and 15% to 20% 
are teratomas (benign, immature, or malignant) (30). 

e Biochemical markers are noted in both serum and cerebral spinal fluid (CSF), with 
elevation of B-human chorionic gonadotropin (B-hCG) (typically measured in 
thousands) associated with choriocarcinoma and a-fetoprotein (AFP) elevation with 
endodermal sinus tumor or embryonal carcinoma. Levels up to 50 to 75 IU do not 
appear to negatively affect outcome after irradiation; levels greater than 50 are 
associated with unfavorable prognosis when "primary" chemotherapy is used (30). 

e Germinomas may show mild elevation of serum or CSF B-hCG. 


Management 


e Biopsy is standard practice for suprasellar tumors and is preferable for pineal region 
tumors (4,26). 

e VP shunt often is required (8). 

e Histologic diagnosis may be obviated when elevated AFP levels are documented 
(diagnostic of an aggressive or "malignant" germ cell type) or, with less confidence, 
when multiple midline third ventricular tumors are noted in teenage boys (diagnostic 
of germinoma) (8). 

e Histologic confirmation permits selection of treatment regarding irradiation 
parameters and adjuvant chemotherapy (8,32). 

e Resection has no apparent role in germinoma; a potential gain in other types of germ 
cell tumors remains to be proven (4). 

e An association between surgery and the risk of neuraxis or systemic dissemination 
has not been identified (4,8,26). 

e Radiation therapy is the standard treatment for intracranial germinomas, with levels of 
disease control often exceeding 90% (4,26), although there is considerable debate 
regarding appropriate dose and volume for primary irradiation. 

e The radioresponsiveness of germinomas has encouraged a trial of local irradiation 
(20 to 25 Gy) for nonbiopsied pineal region tumors; documented early response was 
considered evidence of germinoma, and subsequent primary irradiation was 
administered. A lack of early responsiveness was considered evidence of an 
unfavorable germ cell tumor or, more likely, other tumor type; subsequent local 
irradiation or surgery was pursued (3,26). 

e The current availability of relatively safe biopsy information renders the 
"radiodiagnostic" approach largely outdated (26). 

e For other germ cell histiotypes, irradiation is part of multimodality therapy, potentially 
including stereotactic radiation therapy. 

e Data suggest that irradiation may be indicated for pineocytomas in children although 
these tumors are benign in adults (52). 

e Intracranial germ cell tumors are highly chemosensitive, with high rates of objective 
response to alkylating agents, platinum compounds, and traditional extraneural germ 
cell tumor regimens (4). 


Radiation Therapy 


e The variably reported incidence of subependymal and neuraxis seeding in intracranial 
germ cell tumors has focused debate on the appropriate irradiation volume. 

e Earlier data from Columbia University indicated an actuarial rate of subarachnoid 
seeding approaching 37%, with the rate of spinal failure higher in suprasellar 


germinomas (43% at 5 years) than in the largely clinically diagnosed pineal region 
tumors (10%) (30). 

e The rate of concurrent pineal and suprasellar lesions (multiple midline germinomas) 
ranges from 10% to more than 50% (26,32). 

e Positive CSF cytology is reported in more than 60% of Japanese cases; the 
frequency in North American reports is approximately 15% (55). 

e Several major series reporting disease control rates of over 90% are based on low- 
dose neuraxis irradiation followed by reduced-field boost (4,26), suggesting a role for 
CSI. Other series indicate a risk of spinal failure no higher than 10% after only local or 
cranial irradiation for histologically verified germinomas (26,55). 

e Although each series consists of a small number of biopsy-proven germinomas, 
control rates of 90% are reported after local or wide-field cranial irradiation only 
(absent full CSI). 

e Kun (80) favors CSI for all intracranial germinomas in children older than 10 to 12 
years of age; for younger children, neuraxis irradiation (typically to dose levels of 25 
Gy, in the absence of overt disease) may be obviated in favor of local irradiation (with 
recognition of a potentially higher risk of disease recurrence) or consideration of 
protocol-based therapy combining local irradiation (often at reduced dose) with 
chemotherapy (4). 

e For other germ cell histiotypes, CSI has been standard, but overall results with 
surgery and irradiation have been poor. 

e Combined chemoirradiation is favored; some reports suggest that local irradiation 
may be adequate in conjunction with effective chemotherapy (4). 

e Despite the recognized radiosensitivity of gonadal seminomas and the 
radioresponsiveness of histologically identical intracranial germinomas, most 
radiation therapy data for the latter tumor support a primary dose level approximating 
50 Gy. 

e The limited series reporting combined chemotherapy and irradiation suggest that a 
dose level of 35 to 40 Gy to the primary site may be adequate (4). 

e Neuraxis dose levels for MO disease may be limited to 25 Gy; with overt disease, a 
neuraxis dose of 30 Gy may be combined with third ventricular or local boost dose 
levels of 45 Gy, as appropriate (20). 

e For malignant germ cell tumors, dose levels should approach tolerance, with 54 to 55 
Gy to the primary tumor and neuraxis levels approximating 35 or 40 Gy, the latter with 
overt subarachnoid disease. 

e Data regarding reduced dose levels in conjunction with chemotherapy are not 
available. 


Sequelae of Treatment 


e Acute and late irradiation side effects are related to the specific anatomic site treated. 

e Growth disturbances are common in children. The majority of long-term survivors 
irradiated for brain tumors have been shown to develop growth hormone deficiency, 
and the adverse effects may be directly related to the biologically effective dose (53). 

e Another radiation-related toxicity is the gradual onset of endocrine deficits, earliest 
and most commonly in growth hormone; subsequent treatment-related deficits, in 
thyroid-stimulating hormone, adrenocorticotropic hormone, and gonadotropins are 
noted (10,22,56). 

e Serious neurotoxicities are recorded in less than 10% of cases, but are identifiable as 
late optic neuropathy or brain necrosis; the incidence is related to doses greater than 
60 Gy (12,51). 

e Secondary malignant neoplasms have been reported (anecdotally) after irradiation 
(51). 

e Hyperfractionated regimens are associated with moderate acute epithelial toxicity 
(otitis, radioepidermitis) and dose-related subacute toxicity (prolonged steroid 
requirement and intralesional necrosis) (14,41—43). 

e Late toxicities with high-dose hyperfractionation, including neurocognitive deficits and 
hearing loss clinically and leukoencephalopathy, diffuse microhemorrhages, and 


dystrophic calcifications on MRI, limit enthusiasm for routine use of hyperfractionated 
therapy for pontine gliomas or brainstem tumors (13). 

e Decreased morbidity has been described in preliminary reports in children treated 
with proton beams (18,39). 
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Natural History 


e Wilms' tumor is often localized at diagnosis. It is curable in most children. 

e Spread throughout the peritoneal cavity may occur, especially if there has been 
preoperative rupture or the disease has been spilled at surgery. However, the results 
of the Second National Wilms' Tumor Study (NWTS-2) demonstrated that tumor 
spillage at surgery, when localized to the flank, is less important prognostically than 
formerly believed (7,11). 

e The lungs are the most common metastatic site, followed by the liver. In NWTS-2, 57 
patients (11.4%) had metastases at diagnosis; 47 of these had pulmonary 
metastases only (7). 


Prognostic Factors 


e Poor prognosis is seen in patients with extensive tumors, diploid tumors, unfavorable 
(anaplastic) histology, and chromosomal loss in 1p and 16q (15). 
e NWTS-2 showed the importance of lymph node involvement as a prognostic factor. 


Clinical Presentation 


e The classic presentation for Wilms' tumor is that of a healthy child in whom abdominal 
swelling is discovered by the child's mother, pediatrician, or family practitioner during 
a routine physical examination. 

e Asmooth, firm, nontender mass on one side of the abdomen is felt (24). 

e Gross hematuria occurs in as many as 25% of these cases. 

e The child may be hypertensive or have nonspecific symptoms, such as malaise or 
fever. 

e Only rarely does a patient present with symptomatic metastases. 


Diagnostic Workup 


Plain films of the abdomen may demonstrate calcifications, which occur in 60% to 
70% of neuroblastomas and 15% of Wilms' tumors. 

An excretory urogram (intravenous pyelogram) can differentiate renal tumor from 
other conditions. Cysts often appear as radiolucent areas. 

Ultrasonography may be helpful because, in up to 10% of Wilms' tumor patients, the 
kidney cannot be seen on intravenous pyelogram. 

Computed tomography (CT) has reduced the popularity of invasive studies such as 
arteriography. 

Abdominal CT delineates the intrarenal tumor and demonstrates gross extrarenal 
spread, lymph node involvement, liver metastases, and the status of the opposite 
kidney. 

A direct comparison of CT with ultrasonography suggests that CT is a better 
diagnostic tool overall. 

Clinical and imaging impression does not obviate the need for inspection at 
laparotomy. 

Plain chest radiography is essential. Chest CT may reveal some early lesions not 
visible on routine radiography, but it adds little when the chest radiographs are clearly 
positive. 

A detailed discussion of the issues in diagnostic imaging has been published (1). 

A complete blood count and urinalysis should be performed. Serum blood urea 
nitrogen and creatinine levels and liver function tests are routine. 

If neuroblastoma is not ruled out, a test for urinary catecholamines should be 
performed. 

Table 58-1 outlines the pretreatment investigations recommended in the Fifth 
National Wilms' Tumor Study (NWTS-5). 


Table 58-1: Pretreatment workup for patients with renal mass suspected of Wilms’ tumor according to National 
Wilms’ Tumor Study No. 5 recommendations 


History Record preexisting conditions, family history of cancer, or congenital 
defects 

Physical Blood pressure, weight, height, presence of masses, congenital 

examination anomalies, particularly genitourinary, hemihypertrophy, and aniridia 

Laboratory Hemoglobin, white cell and differential counts, platelets, urinalysis, 


serum BUN, creatinine, SGOT, SGPT, alkaline phosphatase 


Roentgenogram |Posteroanterior and lateral chest films, excretory urogram (intravenous 


pyelogram), with special attention to opposite kidney, computed 
tomography of abdomen (see text) 


Other Ultrasound to detect small foci in opposite kidney and tumor deposits in 
vena cava 
Optional Skeletal survey for clear cell sarcoma 


Computed tomography scans of chest (brain, if rhabdoid sarcoma) 


BUN, blood urea nitrogen; SGOT, serum glutamic-oxaloacetic transaminase; SGPT, serum 
glutamic-pyruvic transaminase. 


From Thomas PRM. Wilms' tumor. In: Perez CA, Brady LW, eds. Principles and practice of 
radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:2107-2116, with 
permission. 


Staging 


Tumor staging is performed by carefully examining the operative and histopathologic 
findings. 


e The most widely used staging system was devised by the NWTS (Table 58-2) (11), 
after analysis of NWTS-1 and NWTS-2 results, in which a grouping system had been 
used. 


Table 58-2. : National Wilms' Tumor Study staging system 
Stage Description 


| Tumor limited to kidney and completely excised; surface of renal capsule intact; 
tumor not ruptured before or during removal; no residual tumor apparent beyond 
margins of resection. 


II Tumor extends beyond kidney but is completely excised; regional extension of tumor 
(i.e., penetration through outer surface of renal capsule into perirenal soft tissues); 
vessels outside kidney substances infiltrated or contain tumor thrombus. Tumor may 
have been examined on biopsy, or there has been local spillage of tumor confined to 
flank. 


No residual tumor apparent at or beyond margins of excision. 
Il Residual nonhematogenous tumor confined to abdomen. 
Any of the following may occur: 


> 


Lymph nodes on biopsy found to be involved in hilus, periaortic chains, or beyond. 


ie) 


Diffuse peritoneal contamination by tumor such as spillage of tumor beyond flank 
before or during surgery or by tumor growth that has penetrated through peritoneal 
surface. 


C |Implants found on peritoneal surfaces. 
D (Tumor extends beyond surgical margins either microscopically or grossly. 
E (Tumor not completely excisable because of local infiltration into vital structures. 
IV Hematogenous metastases; deposits beyond stage Ill (e.g., lung, liver, bone, brain). 


V Bilateral renal involvement at diagnosis; attempt should be made to stage each side 
according to the above criteria on the basis of extent of disease before biopsy. 


From Farewell VT, D'Angio GJ, Breslow N, et al. Retrospective validation of a new staging 
system for Wilms' tumor. Cancer Clin Trials 1981;4:167, with permission. 


Pathologic Classification 


e Prognosis is affected by which of the many variants of Wilms' tumor is present (21). 

e Although histopathologists had attempted to relate appearance to prognosis, no 
generally acceptable classification was available until the report of Beckwith and 
Palmer (3) from the NWTS-1. 

e The NWTS classifies all tumors as having favorable histology (FH) or unfavorable 
histology (UH) for purposes of treatment. Of 1,465 randomized patients on NWTS-3, 
163 (11.1%) had UH histology (5). 

e Renal cell carcinomas and congenital neuroblastic nephromas are not considered 
Wilms' tumor. 

e Two monoplastic sarcomatous varieties are no longer considered true Wilms' tumors, 
but have been included in NWTS protocols (2). 

e Clear cell sarcoma infiltrates the parenchyma rather than forming a pseudocapsule 
and has the propensity to metastasize to bone (22). A skeletal survey and bone scan 
should be part of the workup. 

e Malignant rhabdoid tumors of the kidney are the most lethal renal neoplasms in 
children. There is no conclusive evidence of skeletal muscle origin for this tumor, but 
a neuroepithelial derivative has been postulated. 


General Management 


e The diagnosis of Wilms' tumor is usually made preoperatively and confirmed at 
surgery; an incorrect diagnosis was made in only 30 of 606 patients (5%) registered 
in NWTS-1 (6). 

e Preoperative therapy is not commonly practiced, although it has been examined in 
clinical trials. 

e Meticulous surgical techniques for exploring the abdomen through a transperitoneal 
incision are essential. The surgeon must excise all tumor, without spillage, if possible. 

e Thorough assessment and sampling of lymph nodes and inspection of the liver and 
opposite kidney should be performed (24). 

e Most FH tumors are responsive to irradiation and chemotherapy (19). However, 
NWTS-3 showed that patients with stage II tumors do not require irradiation, and in 
stage Ill, 10 Gy to the tumor bed is sufficient (23). 

e Because of the potential long-term deleterious effects of radiation therapy, it plays a 
relatively minor role compared with that of chemotherapy. 

e UH tumors are less responsive to either modality and generally are treated with 
aggressive multimodality regimens. 


Radiation Therapy Techniques 


e Anesthesia or sedation is often required for daily treatment of these children (12). 

e The NWTS has consistently shown that although irradiation does not need to be 
given immediately after operation, treatment timing is important. Patients in whom 
irradiation was delayed for 10 days or more from surgery had a significantly higher 
chance of abdominal relapse, particularly those with UH tumors. 

e Because the pathologist cannot always rule out UH quickly, all patients with Wilms' 
tumors should be scheduled to start irradiation within 10 days after surgery. Most 
patients ultimately will not be treated, but it is easier to cancel than to make 
arrangements to initiate irradiation for a small child on short notice (26). 

e InNWTS-1 and NWTS-2, radiation doses to the operative bed were given according 
to the age of the patient; no significant dose response was detected (8). 

e InNWTS-S, there was a randomization for patients with FH tumors, which resulted in 
elimination of irradiation for stage II FH and lung-irradiation doses of 10 Gy for stage 
Ill FH and 12 Gy for stage IV FH (5,26). 

e Data from NWTS-3 and NWTS-4 protocols showed few intraabdominal relapses in 
patients with clear cell sarcoma and no dose response. There were more 
intraabdominal relapses in patients with anaplastic tumors, but still no dose response 
(18). It was elected to treat all abdominal disease with 10 Gy. 

e Recommendations from NWTS-5 are summarized in Table 58-3. 

e When all factors leading to abdominal relapse in NWTS-1 were correlated on 
multivariate Cox regression analysis, small field size remained a significant 
contributing factor (p = .002). In NWTS-3 there was less correlation (26). 

e Patients with disease confined to the operative site need only flank irradiation, even if 
there has been local spillage of tumor. 

e Parallel-opposed fields using 4- or 6-MV photons are preferred. 

e Treatment portals should encompass the tumor bed and site of the excised kidney 
with a 2- to 3-cm margin. The medial border must cross the midline to include the 
entire width of the vertebrae to minimize growth disturbances. 

e A tangential abdominal wall shield can be used. 

e Anexample of a portal used for flank irradiation is presented in Figure 58-1(8). 

e When whole-abdomen irradiation is administered, shaped portals must be used, and 
the femoral heads and acetabulum must be shielded (Fig. 58-2). 

e Whole-lung irradiation (16 to 18 Gy) is used if there are lung metastases. Shaped 
fields spare normal soft tissues. Although there are fewer pulmonary relapses (4-year 
survival, 80%), some deaths are attributable to late lung toxicity (18). 

e Dosages for FH bilateral Wilms' tumor should be limited to 10 Gy to the second 
kidney. 


View Figure 


Fig. 58-1: Simulation film of anteroposterior portal of flank showing inclusion of entire width of 
vertebral body in irradiated volume. (From Thomas PRM. Wilms’ tumor. In: Perez CA, Brady LW, 
eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 
1998:2107-2116, with permission.) 


View Figure 


Fig. 58-2: Anteroposterior portal for whole-abdomen and flank portals used in irradiation of patients 
with stage III Wilms' tumors. The upper margin of the abdominal field must include the diaphragm. 
The acetabulum and femoral head should be excluded from the irradiated volume to decrease the 
probability of slipped femoral epiphysis. Whole-abdomen irradiation is no longer frequently used in 
Wilms’ tumor. (From Thomas PRM. Wilms' tumor. In: Perez CA, Brady LW, eds. Principles and 
practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:2107—2116, with 
permission.) 


Table 58-3. : Recommended radiation therapy doses in National Wilms’ Tumor Study No. 5 


Characteristics Dose 
Stage | and II FH No radiation therapy 
Stage | anaplastic 
Rhabdoid tumor of kidney (=1 yr) 


Stage III FH 10 Gy to abdomen’ plus 10-Gy boost to gross (>3 cm) 
disease residual after surgery 


Stage IV FH with surgical stage 
Ill FH 


‘Stage Il-IV anaplastic 
Stage I-IV CCSK 


Stage I-IV rhabdoid tumor of 
kidney (>1 yr) 


Stage IV (lung metastases) 12 Gy to lungs 


CCSK, clear cell sarcoma of the kidney; FH, favorable histology. 


“Flank irradiation (Fig. 58-1) except whole abdomen (Fig. 58-2) for gross diffuse residual 
disease, diffuse peritoneal implants, preoperative anterior rupture, or diffuse abdominal 
operative spillage. 


From Thomas PRM. Wilms' tumor. In: Perez CA, Brady LW, eds. Principles and practice of 
radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:2107-2116, with 
permission. 


Late Effects of Treatment 


e Heaston et al. (16) reported that the skeletal effects of megavoltage irradiation were 
as frequent, but not as severe, as those of orthovoltage irradiation. Decreased 
irradiation doses and, more recently, three-dimensional conformal techniques 
continue to decrease treatment morbidity (17). 

e A series from Washington University, St. Louis, MO, confirmed a high incidence of 
scoliosis (14 of 26 patients) but suggested that functional disability was minimal (25). 
Irradiation doses above 24 Gy have been associated with a greater risk of scoliosis 
(20). 

e The NWTS late effects study of over 2,500 patients followed for more than 40,000 
person-years showed that irradiated patients were more likely to have 
musculoskeletal abnormalities (61% incidence of scoliosis versus 9% in nonirradiated 
patients) and that there was no major increase in demonstrable cardiac abnormalities 
with use of doxorubicin and irradiation (10). 

e Forty-three second malignant neoplasms were observed, whereas only 5.1 were 
expected with a cumulative incidence at 15 years of 1.5%. Abdominal irradiation 
increased the likelihood, and the risk was even greater if it was given to a dose of 35 
Gy with doxorubicin (8 observed, 0.22 expected) (4). 

e Intestinal obstruction has been reported in 5% to 6% of patients; risk was greater 
when irradiation was initiated within 10 days of surgery (20). 

e A few patients develop arterial hypertension or renal insufficiency (20). 

e Long-term survivors should be carefully monitored for late toxicity, including 
neuropsychologic sequelae and second malignant tumors (9). 

e A summary of the late effects, by organ system, has been published (14). 
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Introduction 


e Inits early stages, neuroblastoma can be readily cured with surgery; in some 
circumstances, it can spontaneously regress or mature to a benign ganglioneuroma. 
e Inthe more common advanced stages, it frustrates clinicians and is often fatal (13). 


Natural History 


e Neuroblastoma, along with ganglioneuroma and ganglioneuroblastoma, may arise 
initially from any site along the sympathetic nervous system. 

e The most common site of origin is the adrenal medulla (30% to 40%) or paraspinal 
ganglia in the abdomen or pelvis (25%). 

e Thoracic (15%) and head and neck primary tumors (5%) are slightly more common in 
infants than in older children. 

e More than 70% of patients with neuroblastoma have metastatic disease at 
presentation; the most frequent sites are the lymph nodes, bone, bone marrow, skin 
(or subcutaneous tissues), and liver. 

e The lung and central nervous system do not usually have metastatic involvement 


(13). 
Clinical Presentation 


e Pain is the most common presenting symptom, frequently due to bone, liver, or bone 
marrow metastases or local visceral invasion by the primary tumor. 

e Other symptoms may include weight loss, anorexia, malaise, and fever. 

e Respiratory distress may accompany massive hepatomegaly, especially in infants 
with stage IV-S disease. 

e Horner's syndrome can accompany a primary tumor originating in the neck. 

e Spinal cord compression with paralysis of the lower extremities can accompany the 
so-called dumbbell-shaped tumor that extends from its origin along the sympathetic 
ganglia through the adjacent neural foramina. 

e Orbital metastases cause proptosis and ecchymosis. 


Diagnostic Workup 


e The diagnosis of neuroblastoma must be established by pathologic evaluation. 

e Tumor tissue may be obtained from the suspected primary tumor site or involved 
lymph nodes, by excision (if the tumor is resectable) or incisional biopsy. 

e Bone marrow aspirate and biopsy frequently show metastatic tumor deposits that can 
establish the diagnosis. 

e Pathologic evaluation of bone marrow is a requirement for staging. Neuroblastoma in 
bone marrow appears in clumps and pseudorosettes, but the absence of 
pseudorosettes does not eliminate the possibility of neuroblastoma (13). 

e Laboratory studies include measurement of urinary catecholamines and their 
metabolites; either homovanillic acid or vanillylmandelic acid (metabolites of 
dopa/norepinephrine and epinephrine, respectively) is elevated in more than 90% of 
patients with stage 4 neuroblastoma. A vanillylmandelic acid/nomovanillic acid ratio 
exceeding 1.5 is associated with a favorable prognosis in patients with metastatic 
neuroblastoma. 

e Anemia secondary to bone marrow involvement can be evaluated with a complete 
blood count. 

e Serum ferritin, lactate dehydrogenase, and other liver functions should be assayed 
routinely. 

e Imaging studies assist in staging and planning an approach to therapy. The specific 
imaging workup depends on the location of the primary tumor. 

e Neck and chest tumors can easily be evaluated by chest x-ray. 

e Abdominal or pelvic masses are often initially evaluated by abdominal ultrasound or 
intravenous pyelogram. 

e Unlike Wilms' tumor, which originates from the kidney and causes calyceal distortion, 
neuroblastoma often displaces a normal kidney inferiorly and laterally. X-ray studies 
show intrinsic speckled calcifications in 85% of neuroblastomas. 

e Computed tomography (CT) of the abdomen with intravenous contrast is more 
sensitive than intravenous pyelogram and provides more information about lymph 
node or hepatic metastases and tumor resectability. 

e Magnetic resonance imaging (MRI) scans are replacing the routine use of CT in 
evaluation of suspicious thoracic or abdominal masses. Although MRI cannot 
demonstrate intratumoral calcifications, it allows better evaluation of blood vessel 
encasement, intraspinal extension (dumbbell tumors), diffuse hepatic replacement, 
and bone marrow involvement (13). Each of these findings improves staging 
accuracy and facilitates the decision-making process regarding appropriate surgical 
interventions (25). 

e A Radiology Diagnostic Oncology Group study is evaluating the merits of various 
imaging studies in the workup and follow-up evaluation of neuroblastoma (24). 

e Radionuclide bone scans are helpful in determining the extent of metastatic disease 
because neuroblastoma has a predilection for bony metastases. 

e Metaiodobenzylguanidine (MIBG) is concentrated by neurosecretory granules of both 
normal and neoplastic tissues of neural crest origin. MIBG labeled with either iodine 
131 ('*"l) or iodine 123 (1I) has a sensitivity of 85% to 90% and specificity of nearly 
95% in the detection of metastatic neuroblastoma (20). 

e The long-acting somatostatin analog octreotide, labeled with 1*1, has been used to 
image neuroblastoma, with a sensitivity comparable to that of '°"| MIBG (17). The 
expression of somatostatin receptors by neuroblastoma tissues is a favorable 
prognostic factor. 


Staging 


e The most commonly used staging system is the International Neuroblastoma Staging 
System (INSS), initially published in 1988. It is based on clinical, radiographic, and 
surgical findings (1). 


e The INSS integrates many of the concepts of previous staging systems promoted by 
the Children's Cancer Group and Pediatric Oncology Group (16) and unifies them into 
a single system (Table 59-1). 


Table 59-1: Neuroblastoma staging systems? 


Evans and D'Angio 
Stage | 


Tumor confined to the 
organ or structure of 
origin. 


Stage Il 


Tumor extending in 
continuity beyond the 
organ midline. 
Regional lymph nodes 
on the ipsilateral side 
may be involved. 


Stage Ill 


Tumor extending in 
continuity beyond the 
midline. Regional 
lymph nodes may be 
involved bilaterally. 


Stage IV 


Remote disease 
involving the skeleton, 
bone marrow, soft 
tissue, and distant 
lymph node groups, 
etc. (see stage IV-S). 


Stage IV-S 


Patients who would 
otherwise be stage | or 
Il, but who have 
remote disease 
confined to liver, skin, 
or bone marrow 
(without radioaranhic 


Pediatric Oncology Group 
Stage A 


Complete gross resection of 
primary tumor, with or without 
microscopic residual. 
Intracavitary lymph nodes, not 
adhered to and removed with 
primary (nodes adhered to or 
within tumor resection may be 
positive for tumor without 
upstaging patient to stage C), 
histologically free of tumor. If 
primary is in abdomen or pelvis, 
liver histologically free of tumor. 


Stage B 


Grossly unresected primary 
tumor. Nodes and liver same as 
stage A. 


Stage C 


Complete or incomplete resection 
of primary. Intracavitary nodes 
not adhered to primary 
histologically positive for tumor. 
Liver as in stage A. 


Stage D 


Any dissemination of disease 
beyond intracavitary nodes (i.e., 
extracavitary nodes, liver, skin, 
bone marrow, bone). 


Stage DS 


Infants <1 year of age with stage 
IV-S disease (See Evans and 
D'Angio) 


International Neuroblastoma 
Staging System 


Stage 1 


Localized tumor with complete 
gross excision, without 
microscopic residual disease; 
representative ipsilateral lymph 
nodes negative for tumor 
microscopically (nodes attached 
to and removed with the primary 
tumor may be positive). 


Stage 2A 


Localized tumor with incomplete 
gross excision; representative 
ipsilateral nonadherent lymph 
nodes negative for tumor 
microscopically. 


Stage 2B 


Localized tumor with or without 
complete gross excision, with 
ipsilateral nonadherent lymph 
nodes positive for tumor. 
Enlarged contralateral lymph 
nodes must be negative 
microscopically. 


Stage 3 


Unresectable unilateral tumor 
infiltrating across the midline, 
with or without regional lymph 
node involvement; or localized 
unilateral tumor with 
contralateral regional lymph 
node involvement; or midline 
tumor with bilateral extension by 
infiltration (unresectable) or by 
lymph node involvement. 


Stage 4 


Any primary tumor with 
dissemination to distant lymph 
nodes, bone, bone marrow, 
liver, skin, or other organs 
(except as defined for stage 4S). 


evidence of bone 
metastases on 
complete skeletal 
survey). 


Stage 4S 


Localized primary tumor as 
defined for stage 1, 2A, or 2B) 
with dissemination limited to 
skin, liver, or bone marrow? 
(limited to infants <1 year of 


age). 


Multifocal primary tumors (e.g., bilateral adrenal primary tumors) should be staged according 
to the greatest extent of disease, as defined above, and followed by a subscript letter M (e.g., 
3m). 


PThe midline is defined as the vertebral column. Tumors originating on one side and crossing 
the midline must infiltrate to or beyond the opposite side of the vertebral column. 


“Marrow involvement in stage 4S should be minimal—that is, less than 10% of total nucleated 
cells identified as malignant on bone marrow biopsy or on marrow aspirate. More extensive 
marrow involvement would be considered to be stage 4. The metaiodobenzylguanidine scan 
(if performed) should be negative in the marrow. 


Modified from Halperin EC, Constine LS, Tarbell NJ, et al., eds. Pediatric radiation oncology. 
New York: Raven Press, 1994:171-214. 


Pathologic Classification 


e Neuroblastomas are derived from primitive neural crest cells arising from within 
sympathetic ganglia. 

e Three types of tumors are recognized, representing different degrees of 
differentiation. 

e Ganglioneuroma consists of mature ganglion cells, Schwann's cells, and nerve 
bundles and is benign in appearance and nature. It is frequently calcified and may 
represent a matured neuroblastoma. 

e Ganglioneuroblastoma is the intermediate form between ganglioneuroma and 
neuroblastoma; both mature ganglion cells and undifferentiated neuroblasts are 
evident. 

e Neuroblastoma, a "small round blue cell" tumor composed of dense nests of 
hyperchromatic cells, is at the undifferentiated end of the spectrum of these neural 
crest tumors. 

e Homer-Wright rosettes with a central fibrillary core can be present; necrosis, 
hemorrhage, and calcium frequently are seen. 

e Immunohistochemical stains characteristically stain positive for neurofilaments, 
neuron-specific enolase, synaptophysin, and chromogranin A, and negative for 
muscle and leukocyte common antigens. 

e Electron microscopy demonstrates neurosecretory granules, but it rarely is required 
to establish the diagnosis. 

e The significance of the grading system for neuroblastoma proposed by Shimada et al. 
(21) has been confirmed by the Children's Cancer Group (3). 


Prognostic Factors 


e Patient age and stage at initial presentation are the two most important factors 
influencing outcome. 

e In general, more than 75% of infants and children less than 2 years old will survive, 
as well as 90% to 100% of children with INSS stages 1 or 2 (4,5). 

e The presence of tumor in regional lymph nodes is a poor prognostic factor. 

e Infants less than 12 months old with metastatic disease confined to the liver, bone 
marrow (not bone), or skin (stage 4S) have a good prognosis; more than 75% survive 
with little or no treatment (6). 

e Patients with more differentiated tumors, such as ganglioneuroma or 
ganglioneuroblastoma, fare better than children with poorly differentiated or 
undifferentiated neuroblastomas. 

e Elevated serum ferritin (greater than 142 ng per ml), neuron-specific enolase (greater 
than 100 ng per mL), and lactate dehydrogenase (greater than 1,500 IU) are all 
associated with advanced disease and a poor prognosis (5,23). 

e MYCN (N-myc) is a protooncogene that resides on the short arm of chromosome 2. 
An increased number of MYCN gene copies is associated with an extremely poor 
prognosis (less than 5% survival) (19). MYCN amplification has been associated with 
the multidrug-resistance MDR gene and may account for this tumor's resistance to 
therapy. 

e Neuroblastoma is associated with loss of heterozygosity on chromosome 1p36 and, 
occasionally, deletions on 14q and 17q. Patients with advanced disease often have 
amplification of the N-myc oncogene, 1936 deletions, unfavorable histology, and 
diploid tumors (7). 

e A tumor with a deoxyribonucleic acid index of 1 (diploid or near diploid) gives a worse 
prognosis than tumors that are aneuploid (10). 


General Management 


e Because of the biologic heterogeneity of neuroblastomas, the following treatment 
recommendations should be considered as guidelines. 

e Low-stage, resectable tumors (INSS stage 1, 2, or 3, with negative nodes) have an 
excellent prognosis after complete gross surgical excision. Adjuvant chemotherapy or 
irradiation has not improved the outcome in children with completely resected tumors 
with favorable biologic features (14,15). 

e Positive surgical margins or microscopic residual disease does not always require 
more aggressive therapy. 

e Patients with MYCN amplification or low deoxyribonucleic index may require adjuvant 
therapy and should be enrolled in clinical trials (10). 

e Unresectable tumors that are of otherwise low stage (INSS stages 1, 2, 3, lymph 
node negative) may require preoperative chemotherapy (and occasionally, irradiation) 
to convert them to resectable lesions. 

e Complete resection can be achieved in nearly two-thirds of previously unresectable 
stage 3 to 4 primary tumors. Second-look surgery may be necessary. 

e Locally advanced and regionally metastatic tumors (INSS stage 2B to 3, lymph node 
positive) require more intensive therapy. 

e Infants less than 1 year of age should undergo complete resection of the primary 
tumor and receive adjuvant chemotherapy (22). 

e In older children with lymph node metastases, adjuvant irradiation to the primary 
tumor and regional lymph nodes has improved disease-free and overall survival. 

e A prospective randomized trial of postoperative chemotherapy or chemotherapy plus 
regional irradiation demonstrated 31% disease-free survival in children treated with 
chemotherapy compared with 58% in those who also received radiation therapy (2). 

e Intraspinal extension of neuroblastoma poses a unique problem. These patients were 
treated with laminectomy and surgical debulking, with or without irradiation and 
chemotherapy (18). Because morbidity is significant, a number of investigators have 
used primary chemotherapy. 

e The majority of patients with neuroblastoma present with metastatic disease (INSS 
stage 4). In 47 children with stage 4 dose-intensive multiagent chemotherapy and 21 


Gy, 1.5 Gy twice daily, to the initial tumor volume and regional lymph nodes resulted 
in 5-year local tumor control rate of 84%, disease-free survival rate of 40%, and 
overall survival rate of 45% (28). There were no acute complications of radiation 
therapy. 

Extremely aggressive high-dose chemotherapy regimens have been used. Active 
drugs in neuroblastoma include cyclophosphamide, cisplatin, doxorubicin, etoposide, 
and teniposide. 

Some investigators have explored myeloablative doses of chemotherapy and total- 
body irradiation, followed by allogeneic or autologous bone marrow rescue, with 
reasonable success. 

Radiation therapy plays an extremely important role in the palliative management of 
patients with end-stage symptomatic neuroblastoma. 

Systemic radionuclide therapy with 131] MIBG has been tested in several centers in 
Europe and the United States with early, encouraging results (9,12). 


Radiation Therapy Techniques 


Treatment of children with cancer must minimize the risk of late effects without 
compromising the chance for tumor control and cure. 

Radiation therapy portals to a primary tumor site should treat the gross residual tumor 
remaining after chemotherapy with at least a 2-cm margin from the tumor to the block 
edge; this margin generally will ensure adequate dosimetric coverage of the residual 
tumor, taking into account treatment-related positional uncertainties and beam 
penumbra. 

Children who are not sedated may require more margin if they tend to shift or move 
on the treatment table. 

Regional lymph node sites should be covered if nodes were radiographically or 
pathologically involved at any time during the disease course. 

A Pediatric Oncology Group (POG) study demonstrated an advantage to radiation 
therapy with extended-field irradiation to adjacent lymph node sites (i.e., elective 
mediastinal irradiation for abdominal primary tumors) for POG stage C disease (2). 
However, it was unclear if this extended-field treatment contributed to the beneficial 
effect of irradiation, and current POG trials do not include it. 

CT or MRI scans should be used to define the full extent of disease when an 
irradiation portal is designed. In many cases, parallel-opposed anterior and posterior 
portals may suffice for tumor coverage. 

Radiation therapy of metastatic sites should include generous margins. 

Bony metastases are often more extensive than a plain radiograph may suggest. 
Orbital metastases may require treatment of the entire orbit. 

Hepatic metastases do not require whole-liver irradiation, but adequate margins must 
be used to account for respiratory motion during treatment. 

The patient's life expectancy should influence the selection of irradiation portals, field 
shaping, and dose fractionation. Children who have end-stage disease with tumors 
resistant to most chemotherapy drugs should be treated with wide fields and a rapid 
fractionation schedule. Complex field design and prolonged fractionation schedules 
may prevent the terminal child from spending quality time off therapy. 

Infants with stage 4S disease are the exception; these children frequently have a very 
good prognosis, and sparing of normal tissues is an important goal. 

Low-dose total-body irradiation has been used with variable success in the curative 
management of children with metastatic neuroblastoma. Total-body irradiation has 
been used as part of a bone marrow transplant for high-risk metastatic disease (11). 
The irradiation dose necessary to control neuroblastoma is the subject of debate. 
The irradiation dose required to control gross disease may be age dependent (8). 

In infants less than 1 year of age, a dose of 12 Gy appears sufficient for durable local 
control (8). 

Tumors in children ages 12 to 48 months may require doses of at least 25 Gy. 
Children over 4 years of age frequently develop local failures even with doses 
exceeding 25 Gy. 


e Data from Washington University, St. Louis, MO, suggest that local control of primary 
tumors is also dependent on the amount of residual disease remaining after resection 
(13). Gross residual disease or unresectable primary tumors are more difficult to 
control. We tend to treat these patients to higher total doses. 

e Table 59-2 summarizes the radiation therapy guidelines for patients with 
neuroblastoma treated at Mallinckrodt Institute of Radiology, St. Louis, MO. 

e Children treated palliatively for symptomatic metastatic disease should receive 
adequate irradiation doses for durable tumor control; 5 to 20 Gy in 1 to 5 daily 
fractions can allow rapid palliation. 


Table 59-2: Mallinckrodt Institute of Radiology radiation therapy dose prescription guidelines 
Age at diagnosis |_ Irradiation dose to gross Irradiation dose to microscopic or 


(months) residual disease (Gy) subclinical disease (Gy) 
0-12 9-12 — 
13-30 24 18 
31-48 30 24 
>48 36 30 


Treatments are given at 1.2 to 1.5 Gy, twice a day. 


From Michalski JM. Neuroblastoma. In: Perez CA, Brady LW, eds. Principles and practice of 
radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 1998:2117-2127, with 
permission. 


Sequelae of Treatment 
Early Complications 


e Acute side effects of therapy, expected for any patient receiving irradiation, depend 
on tumor site and fields of treatment. 

e Skin reactions and mucositis may be enhanced if concurrent chemotherapy or a 
hyperfractionated irradiation schedule is used. 


Late Effects 


e Long-term effects from radiation therapy and chemotherapy depend on the site 
irradiated and the total dose of both irradiation and chemotherapy agents used. 

e Age at the time of treatment may influence the risk and severity of skeletal anomalies 
(26), which may include limb shortening or spinal deformities such as kyphosis and 
scoliosis. 

e Generally, younger children are more prone to late radiation injury than older children. 

e Chemotherapy may increase the risk of irradiation sequelae, and the expected 
tolerance may be reduced (27). 
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Anatomy 


Rhabdomyosarcoma is a highly malignant soft tissue sarcoma that arises from 
unsegmented, undifferentiated mesoderm or myotome-derived skeletal muscle. 

It may occur in any site in the body. The most frequently involved sites are the orbit 
(12%); head and neck (excluding parameningeal tumors) (16%); parameningeal 
(11%); genitourinary, excluding the bladder and prostate (vagina, vulva, uterus, 
paratestes) (17%); genitourinary bladder and prostate (11%); extremity (17%); and 
other miscellaneous sites (16%) (4,6). 


Natural History and Patterns of Spread 


Rhabdomyosarcoma is heterogeneous and arises in multiple sites (2). 

Tumors of the head and neck area occur throughout childhood and are commonly 
embryonal. 

Tumors arising in the trunk and extremity occur in adolescents and are usually 
alveolar or undifferentiated. 

Tumors arising in the urinary bladder and vagina occur primarily in infants and often 
are embryonal or botryoid. This locally invasive tumor spreads along fascial or muscle 
planes and by lymphatic extension, and may have hematogenous dissemination. 
Lymph node metastases are rare in orbital tumors but occur in approximately 15% of 
tumors at other head and neck sites (most commonly the nasopharynx), 25% of 
paratesticular tumors, and 20% of extremity and truncal tumors (6). 

Hematogenous metastases are detected at the time of presentation in approximately 
15% of patients. The most common sites of hematogenous dissemination are lungs, 
bone marrow, liver, brain, distant muscle, and breast (6). 


Prognostic Factors 


In 439 patients with rhabdomyosarcoma treated with complete resection and 
chemotherapy (with or without irradiation), poor prognostic factors included tumor 
larger than 5 cm, alveolar or undifferentiated histology, primary tumor site, and 
treatment modalities (30). 


Clinical Presentation 


e Rhabdomyosarcoma usually presents as an asymptomatic mass. When symptoms 
are present, they relate to mass effect on associated organs. 

e Tumors of the orbit may cause proptosis and ophthalmoplegia. 

e Parameningeal tumors often present with cranial nerve palsy, headache, and nasal, 


aural, or sinus obstruction. 


e Genitourinary tumors may cause hematuria, urinary obstruction, or constipation (6). 


Diagnostic Workup 


e The extent of the primary tumor is best determined with a multidisciplinary, 
expeditious workup by a radiation oncologist, pediatric oncologist, and appropriate 


subspecialty surgeon. 


e Recommended baseline evaluations are shown in Table 60-1 (6). 


All patients 
History 
Physical examination by several observers 


Laboratory studies 
Complete blood cell count 
Liver function tests 
Renal function tests 
Urinalysis 
Imaging studies 
Chest x-ray 
Thoracic computed tomography (CT) scan 
Bone scan 


Magnetic resonance imaging (MRI) or CT of 
primary tumor 


Bone marrow biopsy and aspirate 
Head and neck 
MRI or CT of primary tumor (with contrast) 


Lumbar puncture with cytologic examination 
of fluid in parameningeal primary tumors 


Genitourinary 
CT or MRI of abdomen-pelvis (with contrast) 
Pelvic examination under anesthesia 


Extremity and truncal lesions 
MRI or CT of primary lesion (with contrast) 


Table 60-1: Recommended workup for tumors at various sites 


Optional 


Examination under anesthesia for infants 
and youngsters 


Plain films of bones abnormal on scan 
Abdomen-pelvis CT, MRI, or ultrasound 


Plain films of area 
Dental films 
Paranasal sinus and skull films 


MRI of spine if cerebrospinal fluid is 
positive or patient is symptomatic 


Ultrasound of pelvis 
Lymphangiogram 


Cystoscopy, intravenous pyelogram, 
voiding cystourethrography 


Barium enema 


Lymphangiogram 
Plain films of primary site 


Intravenous nveloaram for retroneritoneal 


tumors 
Ultrasound 
Barium gastrointestinal contrast studies 


From Donaldson SS, Breneman JC. Rhabdomyosarcoma. In: Perez CA, Brady LW, eds. 
Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 
1998:2129-2144, with permission. 


Staging 


The clinical grouping classification used extensively by the Intergroup 
Rhabdomyosarcoma Study (IRS) is somewhat of a misnomer because it actually 
requires surgical-pathologic evaluation (Table 60-2). 

Pretreatment staging uses a tumor-node-metastasis system, which emphasizes 
characteristics of the primary tumor, size and invasiveness, nodal status, and 
systemic spread. 

In the IRS-IV study, disease is designated as stage | if the tumor is without 
hematogenous metastases and is in a favorable site, such as orbit, genitourinary non- 
bladder-prostate (paratesticular, vagina, vulva, uterus), or head and neck 
nonparameningeal. 

Stage II tumors are in an unfavorable primary site such as bladder-prostate, 
extremity, parameningeal, and other sites and are smaller than 5 cm with negative 
regional lymph nodes. 

Stage III tumors are in an unfavorable primary site, are larger than 5 cm and node 
negative, or are in any unfavorable site and node positive. 


Table 60-2: Intergroup rhabdomyosarcoma study clinical grouping classification 


Group | Localized disease, completely resected 


A 

B 
Group 
II 


A 
B 


C 


Group 
III 


Group 
IV 


Confined to organ or muscle of origin 
‘Infiltration outside organ or muscle of origin; regional nodes not involved 
Compromised or regional resection 


Grossly resected tumor with microscopic residual disease 


Regional disease, completely resected, in which nodes may be involved or 
‘extension of tumor into adjacent organ may exist 


Regional disease with involved nodes, grossly resected, but with evidence of 
‘microscopic residual disease 


Incomplete resection or biopsy with gross residual disease 


Distant metastases at diagnosis 


From Mauer HM. The Intergroup Rhabdomyosarcoma Study: objectives and clinical staging 
classification. J Pediatr Surg 1975;10:977, with permission. 


Pathologic Classification 


The classic classification of rhabdomyosarcoma, used by the IRS investigators, 
consists of four histologic subtypes: embryonal, botryoid subtype of embryonal, 
alveolar, and pleomorphic. 

More recently, investigators have observed a subset of patients with a "solid" alveolar 
pattern, considered a subtype of alveolar rhabdomyosarcoma (28). 

A lack of agreement among pediatric pathologists has led to the new International 
Classification of Rnabdomyosarcoma, based on a review of IRS-II data, which divides 
subgroups into distinct prognostic groups (Table 60-3). 

The botryoid subtype, a polypoid variant of embryonal rhabdomyosarcoma, has a 
grapelike appearance; it is usually noninvasive and localized, and presents in 
mucosal-lined organs such as the vagina, urinary bladder, middle ear, biliary tree, 
and nasopharynx. 

The spindle cell subtype of embryonal rhabdomyosarcoma has a spindled 
appearance and is frequently found in paratesticular sites. 

Patients with embryonal rhabdomyosarcoma have intermediate outcome; the 
mesenchymal cells tend to differentiate into cross-striated muscle cells. 
Immunohistochemistry may demonstrate actin- or desmin-positive reactions. 
Ultrastructural studies exhibit evidence of myogenesis. The presence of cross- 
striations confirms the diagnosis. 

Embryonal histology occurs in 60% of cases and is found most commonly in the orbit, 
head and neck, and genitourinary sites. 

The poor-prognosis group includes alveolar and undifferentiated sarcomas. 
Approximately 20% of rhabdomyosarcomas are the alveolar subtype, most commonly 
found in adolescents with truncal, retroperitoneal, and extremity tumors. The 
projected outcome for this group is 54% at 5 years (21). 

The pleomorphic type is extremely rare; many cases formerly classified as 
pleomorphic are currently considered to be malignant fibrous histiocytoma. 

Cases previously classified as extraosseous Ewing's sarcoma are now more 
appropriately included in the Ewing's family of tumors and are managed as such. 


General Management 


Orbit 


A multidisciplinary approach using surgery, irradiation, and chemotherapy is critical in 
the management of rhabdomyosarcoma; the optimal sequence and specific 
application of each modality are under investigation. 

In general, stage | tumors resected with an adequate margin require chemotherapy 
but not adjuvant irradiation (30). Patients with more advanced stages benefit from 
irradiation and multiagent chemotherapy. 


Historically, orbital exenteration was used. However, this procedure should be 
reserved for salvage treatment and enucleation for the management of posttreatment 
ocular complications. 

High-dose irradiation provides local tumor control of 90%, and when combined with 
systemic chemotherapy, results in cure rates of more than 90% (3,4). 

Traditionally, when irradiation alone was used, the entire orbit was included in the 
tumor volume; with a combined-modality approach, the site of tumor involvement with 
a margin is treated using doses of 45 to 50 Gy with systemic chemotherapy, without 
irradiating the entire orbit. 

Chemotherapy alone (i.e., without irradiation) results in local relapse, poor event-free 
survival, and loss of functional vision. 


Head and Neck: Parameningeal Sites 


Nonorbital rhabdomyosarcomas of the head and neck sites are grouped into 
parameningeal sites (nasopharynx, nasal cavity, paranasal sinuses, middle ear, 
pterygopalatine fossa, and infratemporal fossa) or nonparameningeal sites, based on 


differences in natural history, treatment, and prognosis (4,18). These tumors tend to 
invade into the base of the skull, resulting in cranial nerve palsy and direct extension 
into the central nervous system. 

e It was previously thought that as many as 35% of children with tumors arising in a 
parameningeal site later developed meningeal extension. However, the prognosis of 
these patients is markedly improved with adequate irradiation of the primary tumor 
and adjacent meninges (6). 

e Former irradiation regimens for these tumors used whole-brain irradiation as part of 
central nervous system prophylaxis; more recent studies show that this approach is 
unnecessary, and that adequate local tumor control can be achieved with local-field 
irradiation plus a margin, even with direct intracranial tumor extension (7). 

e Patients with known meningeal dissemination throughout the neuraxis should receive 
craniospinal irradiation. 


Head and Neck: Nonparameningeal Sites 


e Nonparameningeal head and neck tumors may be more amenable to complete gross 
surgical excision than parameningeal tumors. 

e Children with tumors in nonparameningeal head and neck sites tend to have a better 
outcome than those with parameningeal tumors (4). 

e Nonparameningeal head and neck sites include the scalp, parotid, oral cavity, larynx, 
oropharynx, and cheek. 

e Approximately 15% of these patients present with regional lymph node metastasis. 

e Radiotherapeutic management is based on the amount of residual tumor after 
surgery. 

e Draining regional lymph nodes are not routinely irradiated unless they contain 
metastatic tumor. 


Pelvis 


e Pelvic tumors are usually divided into anatomic subgroups, as the natural history, 
treatment, and prognosis are different for each site. 


Bladder and Prostate 


e Bladder and prostate primary tumors account for approximately one-half of all pelvic 
rhabdomyosarcomas (18); more than 90% of these tumors are of the embryonal 
histologic subtype, with approximately one-third having a botryoid morphology. 

e In males, it is often difficult to differentiate a tumor of prostatic origin from one of 
bladder origin, as disease usually involves both structures. However, patients with 
prostate tumors have significantly inferior survival than do those with localized tumor 
confined to the bladder (15). 

e Anterior pelvic exenteration, when combined with multiagent chemotherapy and 
irradiation for microscopic or gross residual disease, is associated with a survival rate 
of approximately 70% (17,26). 

e A partial cystectomy may be acceptable for a small tumor arising from the dome of 
the bladder, where the entire tumor can be grossly excised (9,10). 

e  IRS-III intensified the therapy with the systematic use of planned irradiation 6 weeks 
after the start of treatment, and added cisplatin and doxorubicin chemotherapy (9). 


Paratesticular 


e Paratesticular tumors may arise anywhere along the spermatic cord, from the 
interscrotal area through the inguinal canal. They usually present as painless scrotal 
or inguinal masses that do not transilluminate. 


e Most boys with paratesticular rhabdomyosarcoma present with early-stage disease, 
which is amenable to complete resection and is associated with cure rates 
approaching 90%. 

e Retroperitoneal node metastases can occur along the external iliac and spermatic 
vessels, aorta, and vena cava. 

e In early reports, the clinical incidence of periaortic and renal hilar lymph node 
involvement was as high as 40% (29); more recently, imaging studies and selected 
lymph node sampling show a lower incidence. In IRS-III patients, 81% of 
paratesticular patients had clinically uninvolved retroperitoneal lymph nodes on 
imaging studies (25). Among these, only 14% had positive retroperitoneal lymph 
nodes on pathologic evaluation; 94% were confirmed to be involved. 

e The recommended surgical procedure is inguinal orchiectomy. Lymphadenectomy 
and lymph node sampling are no longer considered necessary (29). 

e Regional lymph node irradiation to the periaortic and ipsilateral iliac nodes is 
recommended for nodal spread (29). 

e Surgical violation of the scrotum or tumor extension to this structure is an indication 
for scrotal irradiation. 


Gynecologic Tumors 


e Tumors arising in the vulva, vagina, cervix, and uterus are approximately one-third as 
common as bladder and prostate primary tumors, with the vagina being the most 
common site (11). Botryoid morphology is common. 

e Initial surgery is primarily used for diagnosis, although gross tumor resection is 
occasionally possible without cosmetic or functional deformity. 

e These tumors are often quite sensitive to chemotherapy, and unlike with bladder and 
prostate tumors, some of these children may not require irradiation for local tumor 
control (11). 

e Preservation of bladder and sexual function is often possible with vaginal tumors, 
although vulvar and uterine tumors may not be as amenable to organ-preserving 
therapy, when surgery is used for primary therapy (11). 

e Radiation therapy is usually reserved for patients with residual disease after 
resection, or as part of a preoperative regimen to help limit the extent of surgery. 

e Intracavitary and interstitial brachytherapy are useful in these sites, compared with 
external-beam irradiation, to provide sparing of normal tissues (8). 


Other Pelvic Sites 


e These tumors include perianal, perirectal, and perineal primary sites. Regional lymph 
node involvement may be high. 

e |f excision demands exenteration with urinary and fecal diversion procedures, 
combined chemotherapy and irradiation is recommended instead of primary surgical 
procedures. 


Extremity 


e Tumors arising in the extremity are often alveolar or undifferentiated subtypes. They 
tend to be large and deeply invasive at diagnosis, and are associated with a high 
probability of lymphatic and hematogenous metastasis (16). 

e Complete surgical resection usually requires extensive dissection, and alone is 
associated with a high risk of residual disease. 

e Because irradiation and multiagent chemotherapy provide excellent local control, it is 
advisable to avoid disfiguring and mutilating surgical procedures; limb-salvage 
procedures are recommended instead. 

e Lymph node dissection is performed for staging, not for treatment. Patients with 
lymph node involvement have a particularly poor prognosis (16). 


e Radiation therapy for extremity primary tumors requires careful immobilization 
techniques, sparing of nonirradiated skin for lymphatic drainage, and use of shrinking 


fields. 
e Physical therapy during and after radiation therapy is important for optimal functional 
results. 
Chemotherapy 


e Several drugs have demonstrated single-agent activity against rhabdomyosarcoma; 
reported response rates are as follows: vincristine sulfate, 59%; dactinomycin 
(actinomycin D), 24%; cyclophosphamide, 54%; doxorubicin (Adriamycin), 31%; 
dacarbazine, 11%; mitomycin-C, 36%; cisplatin, 15% to 21%; etoposide, 15% to 21%; 
ifosfamide, 86%; and topotecan hydrochloride (6). 

e The most extensive experience in combination chemotherapy is with a vincristine 
sulfate, dactinomycin, and cyclophosphamide regimen (VAC) or VAC plus 
doxorubicin (VACA). 


Radiation Therapy Techniques 


e Adequate irradiation requires careful attention to volume and dose. 

e Careful examination by the radiation oncologist at the time of initial diagnosis, even 
before neoadjuvant chemotherapy, is essential for treatment planning. 

e It is important to evaluate the soft tissue extent of the primary lesion by computed 
tomography or magnetic resonance imaging; rhabdomyosarcoma tends to infiltrate 
tissue planes, and tumors often extend beyond a fascial compartment and obvious 
visible or palpable margins. 

e Treatment portals encompass the involved region at initial presentation (before 
chemotherapy), with margins that include surgical sites and biopsy tracts. 

e Some radiation oncologists have modified radiation treatment volumes when there 
has been a histologically proven response to neoadjuvant chemotherapy, although 
the efficacy of this approach has not been established (14). 

e |t usually is sufficient to treat the tumor volume with a 2-cm margin without irradiating 
the whole muscle compartment or the entire involved muscle from origin to insertion. 

e Inpatients with tumors at parameningeal sites (middle ear, paranasal sinuses, 
nasopharynx, nasal cavity, infratemporal fossa, and parapharyngeal area), irradiation 
portals should cover the adjacent meninges to prevent meningeal relapse (4,18). 

e Technique is very important for minimizing corneal and lacrimal gland dose and 
preserving useful vision in the treated eye. 

e Photon irradiation with the eyelid open minimizes corneal dose and may be 
associated with improved long-term functional outcome (27). 

e Techniques using beam-shaping devices, as well as corneal and lens protection, are 
also of benefit (Fig. 60-1). 

e Three-dimensional conformal therapy is optimal for localizing the target volume and 
sparing normal structures (Fig. 60-2). 

e As part of a multimodality treatment program, irradiation doses of 40.0 to 41.4 Gy, 
given in 4.5 weeks, provide 90% local control of microscopic disease, whereas 50.4 
to 55.8 Gy (1.5- to 1.8-Gy daily fractions, 5 fractions per week) in 5.5 to 6 weeks is 
recommended for gross residual disease (6). All fields should be treated daily. 

e Dose to the brain or spinal cord axis is 30 Gy in 1.5- to 2.0-Gy fractions (22). 

e The IRS investigators are studying the efficacy of a higher hyperfractionated- 
irradiation dose (59.4 Gy in 1.1-Gy fractions, twice daily, at 6-hour intervals) for 
children with gross residual disease (5). 

e Immobilization techniques that ensure reproducible portals are essential. 

e Sedation or anesthesia may be necessary to ensure adequate implementation of the 
treatment plan. 

e These complex programs are best conducted in regional centers by an experienced 
team. 


e Interstitial irradiation, including high-dose-rate brachytherapy, may play an important 
role as primary treatment or as a boost after external-beam therapy for selected sites 
(12,20). 

e Although radiation therapy is often delayed for several weeks to allow administration 
of neoadjuvant chemotherapy, some data suggest that earlier irradiation, particularly 
in high-risk patients, may provide better local tumor control and survival (4,14,18). 

e Interaction between irradiation and some commonly used chemotherapeutic drugs 
can produce undesirable early and late effects, particularly with dactinomycin and 
doxorubicin. Radiation therapy given concurrently with these agents should be 
avoided; both drugs accentuate a "recall" of radiation injury if given during or 
immediately after radiation therapy. Systemic treatment with drugs such as vincristine 
sulfate and cyclophosphamide can often be continued concurrently with irradiation. 

e Brachytherapy has been used in the treatment of pediatric soft tissue sarcomas, both 
alone and in combination with external-beam irradiation. Local tumor control is 
excellent, and morbidity is acceptable (19). 
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Fig. 60-1: A: Isodose distribution at the central axis of the field when an oblique open and wedged 
field and a direct lateral wedged field are used, showing a homogeneous distribution to the orbit. 
The therapeutic unit is a 4-MV 80-SAD (source to axis distance) linear accelerator. Isodose curves 
are shown as percentages of the tumor dose. B: A superiorly placed anterior eyebar is used to 
protect the lens; it lowers the dose to approximately 10% under the shadow of the eyebar. In this 
superior plane, the tumor is located medially and receives the full dose, but the lens dose is less 
than 10% of the tumor dose. (From Donaldson SS, Breneman JC. Rhabdomyosarcoma. In: Perez 
CA, Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott— 
Raven, 1998:2129—2144, with permission.) 


View Figure 


Fig. 60-2: This rendered three-dimensional treatment planning image shows the gross tumor 
(central, solid) and planning target volumes (outer, transparent) for a child with an infratemporal 
rhabdomyosarcoma. The portal aperture was designed using conventional two-dimensional 


techniques, demonstrating the inadequate coverage of both the gross tumor and target volumes 
using this approach. (From Michalski JM, Sur RK, Harms WB, et al. Three-dimensional conformal 


radiation therapy in pediatric parameningeal rhabdomyosarcomas. Int J Radiat Oncol Biol Phys 
1995;33:985-991, with permission. Copyright 1995 by Elsevier Science, Inc.) 


Sequelae of Therapy 


Newer protocols using more aggressive therapy, including cisplatin, dacarbazine, 
etoposide, and other agents, carry acute side effects (e.g., renal and electrolyte 
imbalance) that demand close monitoring. 

Radiation toxicity is related to the regions irradiated and the dose administered. 
Prompt attention to skin care with moisturizers and steroid creams is important. 

After orbital irradiation, an acute inflammatory reaction of the cornea and conjunctiva 
occurs, resulting in pain and photophobia. Steroids should be administered under the 
direction of an ophthalmologist. 

Cataracts developed in 65 of 79 irradiated patients (82%), and 43 (66%) underwent 
surgery (24). Twenty-four patients had a dry eye, and 22 had chronic keratitis. In 48 
of 82 patients, there was orbital hypoplasia; ptosis and enophthalmos occurred in 22 
patients. 

Of 469 children with nonorbital soft tissue sarcomas of the head and neck who were 
treated with multiagent chemotherapy and radiation therapy (except in three cases), 
213 survived relapse-free for 5 years or longer (25). Hypoplasia or tissue asymmetry 
was seen in 74, poor dentition or malformed teeth in 61, impaired vision in 37, and 
decreased learning in 36 patients. Thirty-six patients (19%) required growth hormone 
injections. 

Acute otitis externa or media with hyperemia and swelling of the membranes of the 
eustachian tube is common during or soon after treatment of head and neck areas. 
Erythematous mucositis occurs after head and neck irradiation and after drug 
therapy—and almost universally if the two are used simultaneously. Mouth washes 


such as Salt and soda, 1% hydrogen peroxide, or combinations of diphenhydramine 
elixir, hydrocortisone, and antibiotics partially alleviate the reaction. 

e Bacterial or fungal superimposed infection requires specific drug management. 

e Pretreatment evaluation by a dentist is very important to correct preexisting problems 
and to provide fluoride applications. 

e Acute gastrointestinal sequelae, such as vomiting and diarrhea, are usually managed 
by supportive care and appropriate medication. Nutritional support with 
hyperalimentation may be necessary. 

e Late radiation effects are related to the irradiated site, the irradiation dose, and the 
age of the child at the time of treatment. Effects include bone and soft tissue growth 
disturbances, cataract, hypopituitarism, gonadal dysfunction, induction of second 
malignant tumors (particularly bone sarcomas), and chronic organ dysfunction 
(1,13,23). Combined-modality treatment programs are significantly implicated in many 
of these complications. 
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Hodgkin's Disease 


Although the biology and natural history of Hodgkin's disease (HD) in children are 
similar to those in adults, substantial morbidity (primarily musculoskeletal growth 
inhibition) occurred when irradiation techniques and doses used in adults were 
administered to children. For this reason, strategies for treatment of pediatric HD 
were developed by Donaldson and Link (6). 


Pathologic Classification 


The Rye classification is discussed in Chapter 52. 

In an analysis of 2,238 patients, lymphocyte predominant HD was relatively more 
common (13%) in younger children (age less than 10 years), whereas lymphocyte 
depleted HD was exceedingly rare (3). 

Although nodular sclerosing HD is the most common subtype in all age groups, it is 
more frequent in adolescents (77%) and adults (72%) than in younger children (44%) 
(3). 


Mixed cellularity HD is more common in younger children (33%) (3). 


Clinical Presentation 


Most children (80%) present with cervical lymphadenopathy. 

Mediastinal involvement is present in approximately 75% of adolescents, but in only 
33% of 1- to 10-year-old children. 

One-third of patients have one or more "B" symptoms at diagnosis (unexplained fever 
greater than 38C and recurrent during the previous month, night sweats during the 
previous month, or weight loss of greater than 10% in the 6 months preceding 
diagnosis) (5). 


Diagnostic Workup 


The diagnosis of HD is made by lymph node biopsy and confirmed pathologically by 
the presence of Reed-Sternberg cells and the mononuclear variants. 
Recommended procedures for pretreatment evaluation in the child with HD are 
similar to those for the adult. 


e As with adults, children with HD are staged according to the system devised at the 
Ann Arbor Staging Conference in 1970. See Chapter 52 for complete staging. 


Prognostic Factors 


e Several factors influence the choice and success of therapy; stage, bulk, and biologic 
aggressiveness are frequently codependent. 

e Stage of disease is the most significant prognosticator of treatment outcome. 

e Bulk of disease is reflected in the disease stage. Large mediastinal adenopathy 
(LMA) (more than one-third of the thoracic diameter) and multiple sites of involvement 
(most often defined as more than three) with extensive splenic disease (more than 
four nodules) are associated with increased risk of recurrence after irradiation alone 
(24). 

e Stage IV disease has exceptionally poor prognosis when managed with conventional 
therapeutic techniques. 

e Systemic symptoms (B disease) correlate with an increased risk of relapse (5). 

e Abnormally high levels of certain serum markers, such as erythrocyte sedimentation 
rate, ferritin, and CD8 and CD30 antigens, are prognosticators of a negative outcome. 

e Lymphocyte depleted histology confers a worse outcome than do the other subtypes 
(24). 

e Mixed cellularity disease is associated with an increased risk of subdiaphragmatic 
relapse in pathologically staged patients who have disease apparently confined to 
supradiaphragmatic areas. 

e Children 10 years of age or younger fare better than older patients (3). 


General Management 


e Optimal therapy for children with HD is complicated by the increased risk of adverse 
treatment-related sequelae; irradiation doses and fields used in adults can produce 
significant musculoskeletal retardation. Thus, the various approaches to treating 
children must be considered in terms of both efficacy and morbidity. 

e Investigators at Stanford pioneered the use of multiagent chemotherapy in 
combination with lower doses of irradiation for young children with both early and 
advanced-stage disease, with excellent local control rates (6). 

e Irradiation doses were 15 Gy for patients with bone age of 5 years or less, 20 Gy for 
those with bone age of 6 to 10 years, and 25 Gy for those with bone age of 11 to 14 
years. 

e Additional "boost" irradiation was given to patients who failed to achieve a complete 
remission, as well as those with bulky disease (nodes of =6 cm or LMA). 

e General guidelines for treatment selections are outlined in Table 61-1. 


Combined Chemotherapy and Radiation Therapy 


e The combination of doxorubicin (Adriamycin), bleomycin sulfate, vinblastine sulfate, 
and dacarbazine (ABVD), which has been extensively tested as a substitute for 
mechlorethamine hydrochloride, vincristine sulfate (Oncovin), procarbazine 
hydrochloride, and prednisone (MOPP), successfully decreases the risk of sterility 
and second malignancies (7). 

e Despite excellent tumor control with ABVD, bleomycin sulfate and doxorubicin cause 
pulmonary and cardiovascular damage (respectively), the intensity of which may be 
exacerbated by the addition of mediastinal or mantle irradiation (13,25). 

e To reduce the treatment-related toxicities associated with six cycles of either MOPP 
or ABVD, regimens combining the two, using fewer cycles of each, have been 
developed. These combined regimens have produced excellent disease control with 
apparently diminished toxicity (26). 

e Inarandomized study of children with stage III to IV HD, the Children's Study Group 
showed a 4-year disease-free survival rate of 87% in 57 patients treated with ABVD 


and low-dose extended-field irradiation versus 77% in 54 patients treated with 
MOPP/ABVD (9). 

e The French Pediatric Oncology Society has reported excellent results in clinical stage 
| and Il HD with a regimen that avoids the use of both alkylating agents and 
anthracyclines (13). 


Radiation Therapy 


e Radiation therapy alone is appropriate for certain stages of disease in which growth 
issues are not a concern. 

e It is often the sole form of therapy in surgically staged IA or IIA patients with nonbulky 
mediastinal (non-LMA) supradiaphragmatic HD. The most widely accepted technique 
for these patients is mantle and paraaortic irradiation. 

e Children with surgically staged IB and IIB disease who have completed growth may 
be treated with irradiation alone (5). However, patients with stage IIB disease with 
additional adverse prognostic factors (e.g., LMA) require combined-modality therapy, 
as do patients who have both fever and weight loss as B symptoms (5,15,17). 

e For children with stage IIIA HD, the use of irradiation alone is controversial. 

e In postpubertal children with minimal stage IIIA disease (e.g., Ill) or splenic 
involvement with fewer than five nodules, total-nodal irradiation alone is sometimes 
administered, although combined-modality therapy is more commonly used. 


Chemotherapy Alone 


e Chemotherapy alone offers the advantage of eliminating the potential toxicities of 
both staging laparotomy and irradiation; disadvantages include the toxicities 
associated with intensive drug therapy and the increased likelihood of disease 
recurrence in sites of bulky disease (4). 

e Studies using MOPP or MOPP-type therapy suggest that chemotherapy alone may 
be effective primarily for children without bulky disease. 


Radiation Therapy Techniques 


e The radiotherapeutic technique is discussed in Chapter 52. 

e When mantle irradiation is delivered, equally weighted anterior and posterior fields, 
treated daily, are superior to anteriorly weighted fields; the latter technique increases 
the risk for cardiac complications. 

e A posterior cervical spine block may be necessary to prevent overdosage of the 
cervical spine when standard doses of 35 Gy or more are used. 

e When the primary therapeutic modality is radiation therapy, the standard irradiation 
dose used in pediatric HD generally is 30 to 36 Gy with boosts to 41 to 44 Gy to 
residual or bulky nodal disease, although it varies by institution. 

e Doses for reduced-dose irradiation, as commonly used in combined-modality 
regimens, range from 15 to 25 Gy. 


Table 61-1: Guidelines for treatment selection in pediatric Hodgkin's disease 


Stage Clinical presentation Recommendations 


IA, IIA Postpubertal: laparotomy negative, Standard dose RT (STNI generally) 
nonbulky mediastinal mass, no 
juxtapericardial disease 


Prepubertal, pubertal, bulky Low-dose RT (IF)? + chemotherapy 
mediastinal mass, or 
juxtapericardial disease 


IB, IIB Postpubertal: laparotomy negative, Standard dose RT (STNI generally) 
nonbulkv mediastinal mass. no 


juxtapericardial disease, and night | | 
sweats + fevers or weight loss | | 


Prepubertal, pubertal, bulky Low-dose RT (IF)? + chemotherapy | 
mediastinal mass or 

juxtapericardial disease, or fevers 

and weight loss 


IMA}, IAS + Postpubertal: nonbulky mediastinal Standard RT (STNI or TNI) or RT + 
(minimal) mass, no juxtapericardial disease CT 


Hepatic RT if spleen involved 


|Prepubertal or pubertal with bulky Low-dose RT (IF) + chemotherapy 
mediastinal mass or 
juxtapericardial disease 


INA, S + ‘Chemotherapy + low-dose RT (IF) 
(extensive), (RT particularly recommended for 
HA3, HIB, IVA, bulky adenopathy) 

IVB 

Recurrent Chemotherapy if none previously, 


otherwise consider BMT (RT + CT in 
selected patients with nodal relapse 
after CT alone) 


BMT, bone marrow transplant; CT, chemotherapy: 6 ABVD, 6-8 MOPP/ABVD, 6 
OPPA/COP(P), or other experimental regimens. Less intensive therapy for early-stage 
disease is experimental as to the number of cycles and drug combinations; IF, involved field; 
RT, radiation therapy; standard dose RT = 35 to 36 Gy + boost; low-dose RT, =25 Gy; STNI, 
subtotal nodal irradiation; TNI, total-nodal irradiation; S + (minimal) based on <5 nodules; S + 
(extensive) based on =5 nodules. 


“Some institutions always use a mantle field and/or standard dose for bulky mediastinal 
disease. 


Modified from Constine LS, Qazi R, Rubin P. Malignant lymphomas. In: Rubin P, McDonald 
S, Qazi R, eds. Clinical oncology: a multidisciplinary approach for physicians and students. 
Philadelphia: WB Saunders, 1993:217-250. 


Non-Hodgkin's Lymphoma 
Pathologic Classification 


e Pediatric non-Hodgkin's lymphomas (NHLs) are grouped as diffuse lymphoblastic, 
diffuse undifferentiated, and diffuse large cell (28). 

e The histologic categories for the commonly used classification systems of NHL for the 
pediatric age group are presented in Table 61-2 (19). 


Prognostic Factors 


e The most common prognostic factors in pediatric NHL are stage of disease (which 
takes into account other known prognostic variables, e.g., tumor burden, site, and 
extent of involvement) (28), serum lactate dehydrogenase (18), and soluble 
interleukin-2-receptor levels (which may reflect either disease burden or biologic 
aggressiveness). 

e Most cases of pediatric NHL are of the high-grade and diffuse aggressive subtypes; 
this may obscure the prognostic value of histology. 


Clinical Presentation 


e Clinical presentation depends on the site(s) of involvement. 

e The most common site in childhood is the abdomen (approximately 30% of cases). 
Most gastrointestinal (Gl) lymphomas are of the small noncleaved cell type, and most 
often present with abdominal pain, a palpable mass, and an increase in abdominal 
girth. 

e The second most frequently involved single site is the mediastinum (25% of patients). 
Most of these cases are of lymphoblastic histology and present with dyspnea as the 
most common complaint. 

e = Thirty percent of cases involve the head and neck region (including Waldeyer's ring 
or cervical lymph nodes), with the remaining cases represented by peripheral lymph 
nodes outside the neck (7%), as well as other extranodal involvement inclusive of the 
bone, skin, and thyroid (18). 

e Central nervous system (CNS) involvement at diagnosis was detected in 36 of 445 
children with NHL (lymphoma cells in cerebrospinal fluid in 23, cranial nerve palsy in 
9, and both features in 4) (21). 

e Systemic symptoms are relatively rare in childhood NHL, except in anaplastic large- 
cell lymphoma. 

e Bone marrow involvement is a relatively common feature of childhood NHL. 


Diagnostic Workup 


e The diagnostic workup of pediatric NHL is similar to that of the adult. 

e To evaluate the abdomen in very young children, ultrasound studies may be more 
helpful than computed tomography scanning because of children's relative lack of 
retroperitoneal fat. 

e With abdominal or head and neck presentations (in which concomitant Gl 
involvement, although rare in childhood cases, is a possibility), contrast studies of the 
Gl tract are recommended (29). 

e Although a laparotomy is not routinely performed for staging purposes, it may be 
necessary for diagnostic or therapeutic purposes. 


Staging Systems 


e The Ann Arbor staging system (commonly used in adult NHL) is limited in scope in 
pediatric NHL because of a preponderance for extranodal presentation, a tendency to 
evolve into leukemia and involve the CNS at relapse, and the aggressiveness with 
which cases with mediastinal involvement evolve. 

e To address the uniqueness of childhood NHL, staging systems specific for pediatric 
NHL have been developed (Table 61-3) (28). 

e The St. Jude system has become widely adopted for use in non-Burkitt's NHL. 

e In Burkitt's lymphoma, the National Cancer Institute system is the system most 
commonly used. 

e Inthe Children's Cancer Group staging system, children are staged in one of two 
groups based on whether disease is localized or nonlocalized. The former 
corresponds to stages | and II and the latter to III and IV of the St. Jude staging 
system. 


General Management 


e With the development of effective multiagent chemotherapy regimens, radiation 
therapy for local control of primary disease (exclusive of bone) or for CNS prophylaxis 
has virtually been eliminated. 

e Irradiation is reserved for the following circumstances: emergency treatment of 
mediastinal disease or spinal cord compression (a hyperfractionated regimen should 
be considered); treatment for patients who fail to obtain a complete remission after 
induction chemotherapy; palliation of pain or mass effect; consolidation before bone 


marrow transplantation in patients with recurrent disease; overt CNS lymphoma at 
diagnosis or relapse; and leukemic transformation at diagnosis. 


Radiation Therapy 
Primary Site/Involved-Field Irradiation (Exclusive of Bone Primary Lesions) 


e Radiation therapy to the primary site was incorporated into early chemotherapy trials; 
doses of 30 to 40 Gy were used (28). 

e With growing concern for the significant toxicities observed, protocols reduced the 
local-field dose to 20 Gy and the volume of tumor margin from 5 cm to 2 to 3 cm (29). 
Results of these limited-radiation therapy trials showed similar local control and 
survival rates as those achieved with more aggressive local-field therapy in early- 
stage NHL (14). 

e Most investigators have abandoned the use of involved-field irradiation in localized, 
early-stage pediatric NHL. 

e Local residual disease, after induction chemotherapy or at relapse after complete 
remission, is most often managed with local-field irradiation, with doses ranging from 
30 Gy for the small cell lymphocyte/blast to 45 Gy for the large cell histiocytic 
subtypes. 

e The potential benefit of irradiation as consolidation therapy for high-risk patients in 
bone marrow transplantation is being addressed in current trials. 

e For palliation, irradiation at total doses as low as 10 Gy (given as conventional 
fractionation) often results in rapid relief of symptoms associated with superior vena 
cava syndrome, acute respiratory distress, spinal cord compression, and orbital 
proptosis. 

e Palliation of cranial nerve deficits requires higher total doses of local-field irradiation 
(20 to 30 Gy) (11). 


Primary Non-Hodgkin's Lymphoma of Bone 


e = The role of involved-field irradiation in primary NHL of bone (PBL) has not been 
studied in a randomized trial. 

e Patients have been treated with 37.5 Gy to the involved bone, in addition to 
chemotherapy (14). 

e Although some reports support the practice of eliminating radiation therapy in the 
treatment of children with PBL, its role in the management of pediatric PBL remains 
to be clarified. 


Central Nervous System Prophylaxis and Overt Central Nervous System Disease 


e CNS relapse is observed in 30% to 35% of children (4). 

e CNS prophylactic therapy was incorporated into the treatment of childhood NHL with 
excellent results. 

e Cranial irradiation currently is limited to patients with overt CNS lymphoma at 
diagnosis or relapse and those with leukemic transformation at diagnosis; patients 
with cranial nerve palsies should receive irradiation to the skull base or whole 
cranium. 


Testicular Lymphoma 


e = Testicular involvement at diagnosis is uncommon (5% to 10% of children with 
disseminated small noncleaved cell NHL). 

e Most of these patients undergo orchiectomy, although the efficacy of scrotal 
irradiation is unclear. However, the poor prognosis of patients with testicular 
involvement and relapses in the testes argue in favor of local therapy with 
orchiectomy or irradiation (25 Gy) as a component of therapy (12). 


Histologic 
categories Kiel 
| |Diffuse ML 
lymphoblastic lymphoblastic, 
(indistinguishable convoluted, 
from acute and 
lymphoblastic unclassified 
leukemia) types 
ll Diffuse ML 
undifferentiated lymphoblastic, 
(indistinguishable Burkitt's type 
from African 
Burkitt's 
lymphoma) 
Ill Diffuse large cell |ML 
(large lymphoid (centroblastic; 
cells) ML 
immunoblastic 


Table 61-2: Major histologic categories of pediatric non-Hodgkin's lymphoma: commonly used classification 
‘systems, associated phenotype, and incidence according to three major study populations 


Classification systems® 


Lukes and 
Collins 


ML 
convoluted 
lymphocytes 


ML small 
noncleaved 
follicle center 
cells 


ML large 
follicle center 
cells: ML 
histiocytic; 
immunoblastic 
sarcoma 


POG CCG 
(10) (1) 
1976—|1977- 
1982 | 1983 
NCI working Associated n= n= 
Rappaport formulation phenotype 227 429 
Lymphoblastic ML T 47 38 
lymphoma lymphoblastic, 
convoluted, or 
nonconvoluted 
Undifferentiated |ML small B 21 32 
lymphoma: noncleaved 
Burkitt's or non- (cell 
Burkitt's 
Histiocytic ML large cells; B° 32 |14 
lymphoma ML 


immunoblastic 


Incidence (%) 


SJCRH 
(18) 
1962- 
1986 n 
= 331 


28.1 


38.8 


26.3 


CCG, Children's Cancer Group; NCI, National Cancer Institute; ML, malignant lymphoma; POG, Pediatric Oncology Group; 
SJCRH, St. Jude Children's Research Hospital. 


“Adapted from Magrath IT, Shiramizu B. Biology and treatment of small non-cleaved cell lymphoma. Oncology 1989;3:41-53. 


’Newly defined large cell subtype, anaplastic Ki-1, is mostly of T-cell phenotype. 


Modified from Leibel SA, Philips TL. Textbook of radiation oncology. Philadelphia: WB Saunders, 1997. 


Table 61-3: Clinical staging systems for childhood lymphomas 


Stage 
Institution I II Ill IV 
Memorial (One single Two or more [Tumor on both (Bone marrow 
Sloan- site sites onthe |sides of the and/or CNS 
Kettering same side diaphragm involvement 
(28) (disseminated 


disease without 
marrow or CNS 
involvement) 


or 


Primary 
mediastinal 
involvement 


or 


All inonerable 


St. Jude |A single 
Children's tumor 
Research (extranodal) 
Hospital? or single 
anatomic 
area (nodal) 
with the 
exclusion of 
mediastinum 
or abdomen 
A 
National (Single extra- 
Cancer abdominal 
Institute? (site 


A single 
tumor 
(extranodal) 
with regional 
node 
involvement 


Two or more 
nodal areas 
on the same 
side of the 
diaphragm 


Two single 
(extranodal) 
tumors with 
or without 
regional 
node 
involvement 
on the same 
side of the 
diaphragm 


A primary GI 
tract tumor, 
usually in the 
ileocecal 
area, with or 
without 
involvement 
of associated 
mesenteric 
nodes only 


B 


Multiple 
extra- 
abdominal 
sites 


intraabdominal 
disease 


CNS or bone 
marrow 
involvement 


Two single 
tumors 
(extranodal) on 
opposite sides 
of the 
diaphragm 


Two or more 
nodal areas 
above and 
below the 
diaphragm 


All primary 
intrathoracic 
tumors 
(mediastinal, 
pleural, thymic) 


All extensive 
primary 
intraabdominal 
disease 


All paraspinal 
or epidural 
tumors 
regardless of 
other tumor 
site(s) 


C D 


intraabdominal 
tumor 


Intraabdominal 
tumor with 
involvement of 
multiple 
extraabdominal 
sites 


CNS, central nervous system; GI, gastrointestinal. 


AR 


Intraabdominal 
tumor with 
>90% of tumor 
surgically 
resected 


“Data from Murphy SB. Management of childhood non-Hodgkin's lymphoma. Cancer Treat 


Rep 1977;61:1161-1173. 


"Data from Ziegler JL, Magrath IT. Burkitt's lymphoma. Pathobiol Annu 1974;4:129. 


Modified from Leibel SA, Philips TL. Textbook of radiation oncology. Philadelphia: WB 
Saunders, 1997. 


Sequelae of Radiation Therapy 
Acute Effects 


e Acute side effects most often associated with mantle irradiation include temporary 
loss or change in taste, xerostomia, sore throat, esophagitis, low posterior scalp 
epilation, skin erythema, and occasionally dyspepsia and nausea and vomiting. 

e Acute effects of paraaortic irradiation include early-onset nausea and vomiting, which 
usually abates after the second or third treatment without antiemetic therapy. 


Long-Term Effects 


e Second malignant neoplasms are the most clinically significant complication of 
treatment for HD. The 15-year actuarial risk ranges from 8% to 15% (25). The risk of 
leukemia, which plateaus after 10 to 15 years, is associated primarily with the use of 
alkylating agents (25). Risk of breast cancer in females is high; it is the most common 
solid second malignant neoplasm, particularly with doses greater than 20 Gy. 

e Long-term sequelae specific to irradiation include impairment of muscle and bone 
development and injury to the lung, heart, thyroid gland, and reproductive organs (4). 

e Height reduction is most severe in prepubertal children treated with full-dose 
irradiation (27). 

e Slipped capital femoral epiphysis occurs in up to 50% of young children whose 
femoral heads have been irradiated. A threshold dose of 25 Gy for the slippage was 
reported (22). Shielding the femoral heads essentially prevents development of this 
complication. Higher irradiation doses (30 to 40 Gy) and steroid administration 
increase the risk of avascular necrosis, with rates as high as 15%. 

e Radiation doses of 20 to 40 Gy to the mandible may result in dental abnormalities 
(16). 

e Cardiac sequelae, including pericarditis, valvular thickening, and coronary artery 
disease, are observed with irradiation to the heart (8). Doses of less than 30 Gy, 
adequate cardiac shielding, and the avoidance of an anterior weighting of the 
treatment fields appear to reduce the risk of cardiac complications. 

e Pulmonary complications, most typically pneumonitis, occur in up to 5% of patients 
treated with standard-dose irradiation. With doses of 25 Gy or less, the incidence is 
low except when used in combination with pulmonary toxic chemotherapeutic agents 
(e.g., bleomycin sulfate). 

e Thyroid dysfunction, which may result from neck, mediastinal, or mantle field 
irradiation, is most often manifested by an elevated serum concentration of thyroid 
stimulating hormone and is dose related (4,23). 

e Infertility and impaired secretion of sex hormones are potential complications of pelvic 
irradiation. Oophoropexy in females may allow preservation of ovarian function (20). 

e Normal pregnancies, without increased risk of fetal wastage, spontaneous abortion, 
or birth defects, have been reported after pelvic irradiation (20). 

e In males irradiated to the pelvis, oligospermia is common but may be reversible 
(usually within 18 to 24 months) if the irradiation dose scattered to the shielded testes 
is small. However, permanent oligospermia may occur after full-dose pelvic irradiation 
(20). 

e In 20 children treated with MOPP, MOPP/ABVD, or COMP (5 received inverted-Y 
irradiation, 15.5 to 40.0 Gy), azoospermia was noted in 8 patients and oligospermia in 


8 (2). 


e Small bowel obstruction may be observed in patients who receive paraaortic 
irradiation, particularly after surgical exploration. Obstruction requiring surgical 
intervention is related to the total irradiation dose given (1% for less than 35 Gy and 
3% for doses greater than 35 Gy) (4). 
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Introduction 


e The radiation oncologist's primary concern is the treatment of patients with malignant 
tumors. 

e Radiation therapy continues to be an accepted treatment modality for many benign 
diseases that do not respond to other modes of treatment, even with recognition of 
the risks of late skin injury, carcinogenesis, leukemogenesis, and genetic damage 
from ionizing radiation. The radiation oncologist should be involved in the treatment of 
benign disease because of his or her familiarity with all technical and clinical aspects 
of ionizing radiation, including various treatment machines, treatment planning, and 
practical utilization of radiation therapy on a daily basis, along with all aspects of 
radiation protection and long-term documentation relative to treatment. In a review by 
Order and Donaldson compiling almost 100 indications for radiation therapy of benign 
conditions, only ten would have been treated by more than 90% of American radiation 
oncologists, according to the 1990 survey. In contrast, as many as 30 indications 
would only be treated by a minority of some 30 radiation oncologists who were 
surveyed (28). 


Technical Considerations 


e The report of the Committee on Radiation Treatment of Benign Disease of the Bureau 
of Radiological Health recommends the following: 

e Before institution of therapy, the quality of the radiation, total dose, overall time, 
underlying organs at risk, and shielding factors should be considered. 

e Infants and children should be treated with ionizing radiation only in very exceptional 
cases and only after careful evaluation of the potential risk compared with the 
expected benefit. 


Direct irradiation of skin areas overlying organs that are particularly prone to late 
effects, such as the thyroid, eye, gonads, bone marrow, and breast, should be 
avoided. 

Meticulous radiation protection techniques, including cones and lead shields, should 
be used in all instances. 

The depth of penetration of the x-ray beam should be chosen in accordance with the 
depth of the pathologic process. 

Kopicky and Order (22) analyzed the current use of radiation therapy for benign 
disease by radiation oncologists. On the basis of replies from those surveyed, 70 
diseases mentioned in the questionnaire were divided into the categories of 
“acceptable for treatment" and " unacceptable for treatment" (at most centers). 


Radiation Therapy Techniques 


Eye 


There are wide differences of opinion among radiation oncologists about optimal 
dose, fractionation, and protraction for treatment of most diseases. 

The choice of beam energy depends on the depth of the target volume, and every 
effort should be made to spare underlying normal tissue in superficial lesions. 
Appropriate energy should be chosen for treatment, whether with low-energy 
electrons, low-energy x-rays, or photons from accelerators. 

Lead shields should be used not only to define the field, but also to protect underlying 
cavities from radiation. 


Pterygium 


The treatment of choice for pterygium is surgery; however, the recurrence rate is 20% 
to 30% with this modality alone (9). 

Van den Brenk (36) reported a recurrence rate of only 1.4% in 1,300 pterygia in 1,064 
patients treated with prophylactic postoperative beta-ray therapy with a strontium-90 
applicator. Treatment consisted of 8 to 10 Gy given for each of three applications on 
days 0, 7, and 14 after the operation. Comparable results with similar radiation doses 
have been reported by others (7,29,39). 

A prospective study showed that beta-irradiation was more effective when given at 
the time of surgery rather than 4 days later (2). Similar data were reported by others 


10,39). 


Exophthalmos 


Signs and symptoms of Graves' ophthalmopathy include bilateral exophthalmos, 
extraocular muscle dysfunction, diplopia, blurred vision, eyelid and periorbital edema, 
chemosis, lid lag and retraction, and compressive optic neuropathy. 

The pathogenesis is believed to be an autoimmune disease in which activated T 
lymphocytes invade the orbit and stimulate glycosaminoglycan production in 
fibroblasts, resulting in tissue edema, lymphocytic infiltration, and marked 
enlargement of the extraocular muscles. 

Historically, corticosteroids have been used as the first line of therapy for patients 
with Graves’ ophthalmopathy, whereas surgical decompression has typically been 
reserved for patients with advanced disease or those who failed first-line therapy. A 
metaanalysis has shown that corticosteroid therapy improved symptoms in 65% of 
patients, but proptosis often persists and many patients relapse following 
corticosteroid taper, requiring surgical intervention or orbital radiation therapy (31). 
Because lymphocytes and fibroblasts are sensitive to radiation, retrobulbar irradiation 
is a logical method of treatment. 

In 311 patients treated with orbital irradiation, 80% showed improvement or complete 
resolution of soft tissue symptoms (30). A significant response was demonstrated in 


more than 75% of the patients with corneal manifestations such as stippling and 
ulceration. Extraocular dysfunction and proptosis were improved in 61% and 52% of 
patients, respectively. Defects in visual acuity responded in 41% to 71% of patients. 
After irradiation, corticosteroid therapy was successfully discontinued in 76% of 
patients. Corrective or cosmetic eye surgery was necessary in only 29% after 
radiation therapy, in most instances to correct diplopia. 

e Sandler et al. (32) reported that 14 of 35 patients required surgery for correction of 
stable soft tissue defects, indicating the need for a combined-modality approach in 
advanced ophthalmopathy. 

e Marquez et al. (28) have recorded 453 patients receiving retrobulbar radiation therapy 
for Graves' ophthalmopathy. One hundred ninety-seven had more than one year of 
follow-up. Improvement or resolution in size was noted in 89% of soft tissue findings, 
70% of proptosis, 85% of extraocular muscle dysfunction, 96% of the corneal 
abnormalities, and 67% improvement in sight loss. 

e Megavoltage external-beam irradiation using precise planning with high-resolution 
computed tomography (CT), along with complete patient immobilization, is required 
for optimization of dose distribution and to avoid unwanted irradiation of sensitive 
structures such as the lens and pituitary gland. 

e Small opposed bilateral fields are used to encompass both retrobulbar volumes with 
customized blocks to shield periorbital structures. 

e Either a split-beam technique or a 5-degree posterior angulation should be used to 
avoid irradiating the lens. 

e A total dose of 20 Gy to the midplane given in 10 fractions over a 2-week period is 
recommended; doses greater than 20 Gy do not improve the outcome. 

e Photons in the range of 4 to 6 MV are used. 

e Special care should be exercised in the selection of beams and calculation of doses 
to avoid excessive dose to the optic nerve and other sensitive ocular structures. 

e Special attention should be paid to the total dose administered to the midline 
structures when concurrent opposing lateral portals are used; the dose combination 
from each portal should be taken into account. 

e Radiation therapy produces an effective and safe treatment for progressive Graves' 
ophthalmopathy, with a 96% overall response rate, 98% patient satisfaction rate, and 
no irreparable long-term sequelae with follow-ups extending 20 years or more. The 
most common late effect observed was development of cataract, which occurred 
more frequently in older patients and was reversible with extraction. 


Orbital Pseudotumor 


e Lymphoid diseases of the orbit represent a spectrum of diseases and are classified 
into three groups: pseudolymphoma, which includes orbital pseudotumor and reactive 
hyperplasia; atypical lymphoid hyperplasia; and malignant lymphoma. 

e Orbital pseudotumor is a benign, idiopathic orbital inflammation that can simulate 
Graves' exophthalmos or tumor; it may be unilateral or bilateral. 

e Extensive lymphocytic infiltration produces inflammatory signs with periorbital 
swelling, decreased orbital motility, and pain. 

e There may be a palpable mass or proptosis with progressive loss of vision. 

e CT is helpful in differentiating pseudotumor from Graves' disease, if the retroorbital 
muscles are primarily involved, but biopsy is usually required to define the disease 
process. 

e Although radiation therapy is effective, corticosteroids usually are administered first, 
with temporary transient responses. 

e A 4-to 6-MV photon beam is used with unilateral or bilateral temporal fields posterior 
to the lens, or with a split-beam technique for better lens protection. 

e The recommended dose is 20 Gy in 10 fractions over a 2-week period. 

e Local tumor control ranges from 73% to 100% (3,34). 

e Patients should be monitored closely because subsequent progression to systemic 
lymphoma has been reported in up to 29% of patients (3). 


Macular Degeneration 


e Age-related macular degeneration is the leading cause of severe blindness in the 
United States today. 

e The incidence increases with age, with the disease afflicting 11% of patients between 
65 and 74 years of age and 28% of patients older than 75 years of age (8). 

e The exudative or wet type occurs when choroidal vessels penetrate Bruch's 
membrane and proliferate beneath the retinal pigment epithelium, leading to choroidal 
neovascularization, subretinal hemorrhage, and serous retinal detachment. 

e Approximately 10% of patients with age-related macular degeneration develop the 
wet form, which accounts for the majority of those who become legally blind. 

e When the choroidal neovascular membrane is subfoveal, the visual prognosis is poor, 
with severe vision loss in more than 75% of patients at 2 years (17). 

e Laser photocoagulation is the only available treatment in selected cases in areas 
outside the macula. Many patients are deemed ineligible by strict criteria. 

e In those treated, laser ablation causes a significant immediate decline in visual acuity 
and a permanent scotoma. 

e At2 years, only 20% of those treated have a visual acuity loss of six or more lines, 
compared with 37% in untreated eyes (25). 

e The rationale for using local irradiation for choroidal neovascular membrane is based 
on the radiosensitivity of proliferating endothelial cells, reduction in the inflammatory 
response, and possible occlusion of aberrant vessels. 

e Chakravarthy et al. (11) reported results in 19 patients with subfoveal neovascular 
membranes due to age-related macular degeneration treated with 10 Gy at 2 Gy per 
fraction or 15 Gy at 3 Gy per fraction. Using patients who declined treatments as 
controls, the data indicated that at 12 months visual acuity was maintained or 
improved in 63% of patients and significant neovascular regression was recorded in 
77% of treated patients. Visual acuity deteriorated in six of seven controls, and all 
showed progressive enlargement of membranes. There was no significant difference 
in outcome between the two dose regimens. 

e In an update from the same institution, significant improvement in visual acuity and 
reduced subretinal scarring were reported in 35 treated eyes, compared with 
untreated eyes in the same patients (18). 

e Bergink et al. (4) reported findings of four different dose regimens. The best results 
were seen with 12 Gy in 2 fractions, 18 Gy in 3 fractions, or 24 Gy in 4 fractions. 
Stable visual acuity was reported in 21 of 30 patients treated. 

e Freire et al. (14) reported on 41 patients treated with 14.4 Gy in 8 fractions of 1.8 Gy 
each. CT-simulation treatment planning was performed using a unilateral oblique 6- 
MV photon field, half-beam blocked anteriorly to spare the ipsilateral lens and 
contralateral globe. Preliminary results showed subjective visual acuity to be stable in 
66%, improved in 27%, and worse in 7% at 2 to 3 months after treatment. 

e Alberti, Sagerman, and Richard published the results of various investigations into the 
treatment of age-related macular degeneration of the wet type, demonstrating a 
significant impact in a large number of patients treated representing the dominant 
positive reports (1). 


Skin 
Keloids 


e Some individuals have a tendency to react to skin trauma with excessive production 
of fibrous tissue that extends beyond the wound, becomes hyalinized, and does not 
regress spontaneously. 

e The result, Known as keloids, become unsightly masses and frequently cause itching 
and pain. 

e They may occur in susceptible individuals after infection or burns, but most commonly 
occur after traumatic or surgical wounds. 


The preferred treatment is excision, followed by a procedure tailored to prevent 
fibroblast proliferation (which could lead to recurrence). 

Although good results have been reported with local injections of triamcinolone, 
postoperative irradiation is effective and more comfortable for patients. 

Radiation therapy is usually started within 24 hours after the excision, using 100- to 
140-kV x-rays with a 1- to 7-mm aluminum half-value layer (HVL) or low-energy 
electrons (6 MeV) with appropriate bolus. 

The irradiation field should be custom-designed to fit the area to be treated with a 0.5- 
cm margin around the suture lines. 

The earlobes, when treated, should be taped away from the face, and a direct 
anteroposterior field (with a small cone) should be used. 

Total dose is 10 to 15 Gy in 2 or 3 fractions. 

Borok et al. (5), using various dose schedules of kilovoltage postoperative irradiation 
in 375 sites, reported excellent cosmetic results in 92% of sites and recurrences in 
only 2.4%. They recommended 12 Gy in 3 fractions immediately after excision. 
Others have recommended single doses of 9 Gy with low-energy kilovoltage x-rays or 
appropriately selected electron beam irradiation. 

Kovalic and Perez (23) monitored 75 patients with 113 treatment sites for a mean of 
9.75 years; patients were treated to a dose of 12 Gy in 3 fractions over 3 days with 
superficial x-rays. The overall local control rate was 73%. Significant prognostic 
factors were size greater than 2 cm, prior treatment, and male gender. 

Treatment of established keloids with irradiation alone is not as successful, but may 
be attempted if surgery is not indicated. Good results with 4 Gy given once a month 
for one to five treatments with energies of 60 to 90 kV have been reported (13,19). 


Plantar Warts 


Plantar warts can be extremely painful and disabling. 

Surgical treatment, including desiccation and curettage, leads to incapacity during the 
long period of healing and may leave painful scars. 

Salicylic ointment has been used with success rates of approximately 65% (34). 
Liquid nitrogen cryosurgery produces cure rates of 90% (34). 

Carbon dioxide laser surgery has an overall success rate of 75% (34). 

Intralesional injections of bleomycin sulfate control 77% of extremity warts (34). 
Radiation treatment for plantar warts can be simple, safe, and effective. A single 
treatment of 10 Gy with 100 kV and a HVL of 4.3 mm of aluminum, using close lead 
shielding to define the treated field, is recommended. 

Preliminary paring is not necessary, and the wart usually separates and falls off in 3 
to 4 weeks without sequelae. 


Keratoacanthoma 


Keratoacanthoma is a rapidly growing benign tumor that may be locally invasive; it 
occurs most commonly in sun-exposed areas of the skin in middle-aged or elderly 
light-skinned men. 

It tends to regress spontaneously and may be difficult to differentiate histologically 
from squamous cell carcinoma. 

Aggressive treatment is recommended, i.e., complete excision with adequate 
margins. 

Radiation therapy is recommended for recurrences after surgery or when surgery 
would result in a poor cosmesis. 

Use of 40 Gy in 4-Gy fractions twice weekly with orthovoltage techniques, given 
approximately 1 month after treatment, gives rise to complete regression with 
satisfactory cosmesis in all patients. 

In 29 lesions in 18 patients who received doses from 35 Gy in 15 fractions to 56 Gy in 
28 fractions, complete regression and good cosmetic results were reported for all 
lesions (12). 


Hemangiomas 
Cutaneous Lesions 


e The treatment of cavernous hemangiomas of the skin in infants by repeated doses of 
radium in surface applicators was commonplace many years ago. However, the use 
of radiation therapy has largely been abandoned in recent years because of the 
potential for late effects in the pediatric patient population and because the treatment 
is usually unnecessary. 

e After an initial growth phase, most of these lesions regress spontaneously and 
disappear by the patient's fifth year. One must consider the risk of radiation-induced 
malignancies when treating benign disease. 

e Furst et al. (16) reported a dose-response relationship for thyroid cancer, neoplasms 
of bone and soft tissues, and breast hyperplasia in children irradiated for skin 
hemangiomas at the Radiumhemmet. 

e Port wine stain or capillary hemangioma is somewhat resistant to radiation therapy. 

e Furst et al. (15) reported results of radiation therapy in 20,012 patients with 
hemangiomas; most patients (99%) were younger than 2 years of age when treated. 
All lesions improved; 72% had excellent cosmetic results, and the remainder had 
some blemish, although the results were acceptable. 

e For minor superficial hemangiomas, contact radiation therapy is most suitable, with a 
HVL of 0.2 to 2.5 mm of aluminum. 

e Skin dose is 5 to 10 Gy per treatment, with 1 to 3 sessions, at weekly intervals. 

e For thicker lesions, orthovoltage irradiation is recommended, with doses of 1 to 4 Gy 
per treatment. The dose may be repeated once or twice if there is continued growth 
or poor regression. 

e Megavoltage photons or electrons can be used, depending on the clinical situation. 
Doses of 2 to 18 Gy have been used to treat hemangiomas in single or multiple 
fractions, with complete responses expected in 35% to 40% of patients and partial 
responses in 45% to 50% (34). 


Central Nervous System 


e Arteriovenous malformations (AVMs) of the brain are sometimes treated with 
stereotactic radiosurgery using a single fraction of high-dose radiation to a 
stereotactically defined small volume to sclerose the AVM and prevent hemorrhage. 

e Minimum doses of 15 to 30 Gy are prescribed in the periphery of the target; complete 
obliteration of the AVM is seen in 71% to 89% of patients within 2 years (35). 

e Stereotactic radiosurgery is more effective when the AVM is less than 2 cm and when 
all feeder vessels are irradiated. 

e Stereotactic radiotherapy with 2 to 3 sessions of 8 to 10 Gy is equally effective. 

e Results of conventional fractionated radiation therapy appear inferior to those of 
stereotactic radiosurgery. Doses of 40 to 55 Gy in 1.8- to 3.5-Gy fractions yielded 
complete responses in 20% of patients (34). 

e For extracerebral cavernous hemangioma of the middle fossa, a preoperative dose of 
30 Gy has been reported to increase resectability and decrease intraoperative 
hemorrhage. 


Ocular Angiomas 


e Orbital hemangiomas can become symptomatic and cause hemorrhage and visual 
loss. 

e They can be effectively managed by radiation therapy with recommended doses of 12 
Gy in 8 fractions of 1.5 Gy each, with complete reabsorption of the subretinal fluid 
without reaccumulation. 


Cavernous Hemangioma of the Liver 


e Cavernous hemangioma of the liver is a congenital abnormality that is most often 
asymptomatic, unless the lesion bleeds. It is a benign vascular tumor found at 
autopsy in 2% to 3% of asymptomatic patients. The incidence of clinically significant 
lesions is substantially lower. 

e Fever or anemia occurs in 6% of patients (34). 

e Clinically evident hepatomegaly occurs in 50% of patients. Simultaneous 
hemorrhage, thrombocytopenia, or hypofibrinogenemia have been described, 
although rarely. 

e Radiation therapy has been used for symptomatic, surgically unresectable (multiple, 
diffuse, or massive) hemangiomas of the liver. 

e Doses of 10 to 30 Gy in 1 to 3 weeks result in symptomatic improvement in all 
patients and tumor regression in a significant number of patients. 

e Recommended doses are 10 Gy or less for children and 20 to 30 Gy in 3 to 4 weeks 
for adults. 

e |f no response is observed in 4 to 6 months, an additional 10 to 15 Gy in 1 to 2 weeks 
may be given. 


Soft Tissue 
Bursitis and Tendinitis 


e Bursitis and tendinitis most commonly affect the shoulders. They are caused by 
degenerative or inflammatory changes in the supraspinatus and infraspinatus 
tendons that lead to calcium deposition, inflammation of the surface of the subdeltoid 
bursa, and even rupture and discharge of calcific material into the bursal sac. 

e Calcification may occur without symptoms, or there may be pain, tenderness, or 
limitation of motion in acute, subacute, or chronic forms. 

e Radiation therapy for patients with acute disease was commonplace in the past but 
has been replaced by antiinflammatory drugs combined with rest or aspiration with 
injection of corticosteroids and procaine. However, irradiation may be equally 
effective, and is sometimes successful when invasive local procedures are not. 

e Limited fields encompass the joint only, using either opposed or, occasionally, a 
single anterior field. 

e Doses of 1.5 to 2.0 Gy given in 3 to 5 successive days for a total of 6 to 10 Gy are 
recommended (34). 

e One or two additional treatments may be added after 1 to 2 weeks in chronic cases, 
in which results generally are much less satisfactory. 


Desmoid Tumor 


e Desmoid tumor, also known as aggressive fibromatosis, is a low-grade, locally 
invasive, nonmetastasizing tumor of connective tissue. Its origin is probably related to 
other fibromatoses such as keloids, Peyronie's disease, plantar and palmar 
fibromatosis, fibromatosis coli, and progressive myositis fibrosa. 

e These tumors are deeply infiltrating and nonencapsulated, and merge imperceptibly 
into the surrounding muscle, resulting in involved margins after resection. 

e Surgical resection is the primary treatment modality, but local recurrence ranges from 
10% to 100%, depending on the extent of the surgical resection. 

e The recommended dose is 50 to 60 Gy in 6 to 7 weeks at 1.8 to 2.0 Gy per fraction. 

e The irradiation fields are generous and encompass the entire aponeurotic 
compartment, with 5-cm margins around the tumor volume. 

e McCollough et al. (26) reported five failures in 30 irradiated cases, and Leibel et al. 
(24) reported six failures in 19 cases. 

e Some institutions practice observation in patients undergoing gross total resection 
with involved surgical margins. However, the group at Massachusetts General 
Hospital reported local control in 17 of 21 patients with effective salvage therapy (27). 
They advocated this approach only in patients committed to regular follow-up and 
irradiated those who had positive margins after resection of recurrent disease. 


Peyronie's Disease 


e Painful angulation of the erect penis was described by Peyronie in 1743; it is caused 
by inflammatory lesions of the corpora cavernosa that progress to hard plaques, 
nodules, or bands that may be localized or extensive. 

e The plaque is usually on the dorsum of the penis, with curvature or angulation in the 
direction of the plaque, which may precede the development of pain. 

e The cause is unknown, but it is probably a connective tissue disorder similar to 
Dupuytren's contracture, which may cause Peyronie's disease. 

e The disease may resolve spontaneously over a period of months to years. 

e Many believe that radiation therapy is effective and hastens regression of symptoms, 
especially pain, which is relieved in more than 75% of patients. 

e Also effective in relieving symptoms, to varying degrees, are local corticosteroid 
injections, systemic corticosteroids, procarbazine hydrochloride, or surgery. 

e During radiation therapy, careful lead shielding of the gonads, pubic hair, and glans (if 
not involved) is required. 

e The penis can be drawn through a hole in a lead sheet, and a single dorsal field may 
be used. 

e Effective doses range from 5 Gy in 1 fraction, which may be repeated in 1 month, to 3 
Gy daily for 6 or 7 fractions (34). 


Prevention of Vascular Restenosis 


e Percutaneous transluminal coronary angioplasty (PTCA) is a common technique 
used to treat coronary stenotic lesions by balloon dilatation in selected patients with 
atherosclerotic coronary artery disease. 

e In 1997, PTCA was performed in more than 400,000 patients in the United States, 
with restenosis recurring within 6 months in 30% to 50% of the patients undergoing 
successful PTCA. 

e Animal and human data indicate that post-PTCA intraarterial irradiation can result in 
significant reduction in the development of restenosis (34). 

e When intraarterial iridium-192 afterloading technology was used after stent 
placement, restenosis occurred in only 12% of patients, compared with 58% of 
patients not irradiated. 

e Ongoing trials are testing intracoronary and peripheral vessel irradiation to prevent 
restenosis in humans; the data accrued by Bottcher et al. (6), Wiederman et al. (38), 
and Waksman et al. (87) support the concept that irradiation can prevent restenosis. 


Bone 
Ameloblastoma 


e Ameloblastoma usually occurs in the jaw, particularly the mandible, and rarely 
metastasizes. 

e Curettage is often used, but recurrence is common. 

e This tumor responds well to radiation doses of 50 to 60 Gy in 5 to 6 weeks, with 
complete regression of even very large tumors. 

e Patients must be monitored closely after radiation therapy because tumor regression 
tends to proceed slowly and late metastasis may occur. 


Aneurysmal Bone Cyst 


e Aneurysmal bone cyst is a benign vascular-cystic lesion that usually appears as an 
expansive, eccentric cavity in the metaphyseal ends of bones (not involving the 
epiphysis) and protrudes into the soft tissues. 

e Treatment is primarily surgical curettage or resection, but the recurrence rate after 
curettage is 30% to 60%. 


e Radiation therapy is reserved for patients whose lesions are surgically inaccessible, 
are difficult to curette properly because of size and location, or continue to grow or 
repeatedly recur after curettage. 

e A radiation dose of approximately 40 to 45 Gy in 4 to 5 weeks generally produces 
excellent results. 


Vertebral Hemangioma 


e Vertebral hemangioma is not uncommon; asymptomatic lesions are found in 
approximately 10% of the population at general autopsy. 

e Lesions are generally diagnosed by the typical radiographic appearance of 
rarefaction with vertical dense trabeculations of a honeycomb pattern, often extending 
into the lacunae, pedicles, and transverse or spinous processes. 

e Vertebral expansion, tumor extension into the extradural space, hemorrhage, or, 
rarely, compression fracture may lead to cord compression. 

e Surgical decompression may be required after preliminary arteriography but may be 
difficult to perform because of the risk of hemorrhage. 

e Usually, only limited removal of a tumor is possible, and postoperative irradiation is 
recommended (30 to 40 Gy in 3 to 4 weeks), with excellent results. 


Heterotopic Bone Formation 


e Heterotopic bone formation or heterotopic ossification occurs in 30% of patients 
undergoing hip arthroplasty. 

e The incidence is greater than 80% in patients who have a history of ipsilateral or 
contralateral heterotopic ossification, and more than 60% in patients with other high- 
risk factors such as hypertrophic osteoarthritis, ankylosing spondylitis, and diffuse 
idiopathic skeletal hyperostosis. 

e Treatment traditionally is given in the immediate postoperative period, with radiation 
doses ranging from a single fraction of 7 Gy or 8 to 10 Gy in 4 to 5 fractions (21). 
Comparable results were recently described with 7 Gy in a single dose given 
preoperatively (33). 

e There is no difference between single or multiple fractions or treatment given 
preoperatively or postoperatively. 


Glandular Tissue 
Gynecomastia 


e Gynecomastia occurs in as many as 90% of patients receiving estrogens or 
flutamide, compared with 8% of patients undergoing orchiectomy, 3% to 15% of those 
treated with luteinizing hormone-releasing hormone agonists, and 19% of those 
patients receiving a combination of flutamide and luteinizing hormone-releasing 
hormone agonists (20). 

e Breast irradiation given before the beginning of treatment can be effective in 
preventing gynecomastia, particularly in patients being given estrogens; it is less 
effective if given after estrogens have been started. 

e Therapy with orthovoltage irradiation, 9- to 12-MV electrons, and cobalt 60 or 4-MV 
photon beams using tangential fields can be used. 

e A single dose of 9 Gy or 4 to 5 Gy daily for three treatments is effective in controlling 
gynecomastia (34). 

e Inpatients treated after estrogen therapy, 20 Gy in 5 fractions is recommended. 


Ovarian Castration 


e The controversy regarding the use of prophylactic or therapeutic castration in 
premenopausal women with breast cancer is still unresolved and is the subject of 
clinical trials. 

e Pelvic irradiation, with doses of 14 Gy in 4 fractions up to 20 Gy in 5 fractions, is 
effective in inducing ovarian ablation. 

e Arecommended dose is 20 Gy in 5 to 8 fractions delivered to the pelvic midplane 
through anterior and posterior parallel-opposed fields with megavoltage photons. 


Parotitis 


e Acute postoperative parotitis is rare; typically, it occurs 4 to 6 days after surgery in 
debilitated, seriously dehydrated patients with decreased salivary secretions and a 
dry mouth. 

e Treatment includes correction of dehydration, mouth care, and broad-spectrum 
antibiotic therapy, with surgical drainage if necessary. 

e Radiation therapy combined with these measures is effective and may avoid the 
necessity for incision and drainage. 

e The response to irradiation is often rapid and dramatic, with improvement in pain, 
induration, and swelling within 12 to 14 hours after the onset of treatment; all 
evidence of disease is gone in 3 to 6 days. 

e Recommended doses are 7.5 to 10.0 Gy in 3 to 5 fractions with orthovoltage x-rays, 
cobalt 60, or 9- to 12-MeV electrons through a laterally placed portal encompassing 
the parotid gland, with 2-cm margins around the volume being treated. 


Acute and Chronic Inflammatory Disorders 


e Acute and chronic inflammatory disorders such as axillary sweat gland abscesses, 
furunculosis, carbuncles, and other infections that do not respond to antibiotics. 

e Recommended doses are 7.5 to 10.0 Gy in 3 to 5 fractions using orthovoltage x-rays, 
cobalt-60 or 9- to 12-MeV electrons through the appropriately properly placed portals 
encompassing the area of the infection. 


Total Lymphoid Irradiation in Autoimmune Diseases and Organ 
Transplantation 


e Multiple investigators have observed the immunosuppressive effects of total-lymphoid 
irradiation, mainly a decreased circulating lymphocyte count that persists for years, 
with subsequent gradual improvement. 

e Alteration of cutaneous delayed hypersensitivity reactions has also been noted. 

e Because of its immunosuppressive effects, total-lymphoid irradiation has been used 
in renal, cardiac, and bone marrow transplantations, lupus nephritis, multiple 
sclerosis, and other autoimmune diseases. 

e |n general, doses are conservative, consonant with the volume being irradiated; 
single or multiple fractions are used. 

e |In general, maximum total doses are in the range of 20 Gy given in daily doses of 1.5 
to 2.0 Gy (34). 


Conclusion 


e Practice guidelines are systematically developed statements to assist the radiation 
oncologist and the patient in decisions about health care for a specific clinical 
circumstance. These guidelines should include validity, reliability, reproducibility, 
clinical applicability, multidisciplinary process, review of evidence, and 
documentation. 

e Utilization of these guidelines will lead to improved patient outcome and will minimize 
the wide variation in daily practice. 


e Few clinical studies are available to explain the basic radiobiologic mechanisms in the 
use of radiation therapy in the treatment of benign disease. However, the basic 
biologic data are known to substantiate such use. The potential hazards for tumor or 
leukemia induction or somatic changes following radiation exposure for benign 
disease are well known, but the risk is very small, and the overall contribution to 
anyone's general lifetime risk remains unclear. 

e Therefore, patients older than 30 to 40 years of age would more likely be selected for 
treatment. Younger patients, who have a higher carcinogenic risk, should carefully 
weigh the benefits versus risks of treatment. Modern prospective clinical studies 
should be carried out, including objective scores, and should aim to define subjective 
criteria with better inpoint definition. 

e Only avery small percentage of institutions in the United States are involved in 
prospective clinical trials, and essentially no clinical trials are being carried out in 
benign disease, with the exception of macular degeneration. 
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Cerebral Metastases 
Natural History 


The patient has a median survival of 3 months. 

Many signs and symptoms will respond to steroids within 48 hours. 
Headache and impaired cognition are the most common symptoms. 
The most common anatomic primary sites are breast and lung. 


Except for choriocarcinoma, metastases to the brain from cancers of the urogynecologic region or gastrointestinal 
tract are uncommon. 


° Melanoma has the highest percentage of brain metastases relative to other primary sites. 


Diagnostic Workup 


e Magnetic resonance imaging with gadolinium can detect multiple metastases and leptomeningeal invasion more 
effectively than any other imaging technique. 


e When a single, first suspected metastatic lesion is detected, histologic confirmation should be obtained. 


Prognostic Factors 


e A computed tomography (CT) review of 779 patients with cerebral metastases showed no imaging characteristic 
that predicted a prolonged median survival after irradiation (35). In 79% of patients who presented with one to 
three lesions on the pretreatment CT scan, the median survival was 4 months, compared with 3.2 months in the 
remaining 21% who had four or more lesions. 


e Of 779 Radiation Therapy Oncology Group (RTOG) patients randomized to receive 30 Gy in 10 fractions or 30 Gy 
in 6 fractions with or without misonidazole, the median survival was 4 months (16). The difference in median 
survival after comparison of the eight subgroups (Karnofsky performance status of 90 to 100 versus 70 to 80, <60 
years of age versus =60 years of age, brain-only metastasis versus brain plus other metastases, and ability to go 
to work versus staying at home) was only 1 month. 


e The following functional scale is valuable in predicting prognosis in these patients: level |, fully functional, able to 
work; level II, fully functional, not able to work; level Ill, stays in bed, needs help half of the time; level IV, requires 
help all of the time. Patients with level | function have a median survival of 27 weeks; for level IV patients, survival 
is only 5 weeks (13). 


General Management 


e Corticosteroids are recommended to improve neurologic function, but neither survival nor length of response is 
affected. 


e The median survival in patients treated with steroids alone is 2 months; adding radiation therapy extends the 
median survival to 3 to 5 months. Selected patients with solitary metastasis who have good performance status, 
no meningeal involvement, and no extraneurologic disease (or very limited extraneurologic disease that has 
responded to systemic therapy) may have a median survival greater than 12 months (7,23). 

e Metastasis to the cerebellum, causing severe ataxia or a large single cavitating metastasis in the cerebral 
hemisphere, occasionally is best palliated by removal. 

e In 1,506 patients managed by surgery and irradiation who were compared with 2,724 patients treated with 


radiation therapy only, the median survival was similar at 6 months, but the 1-year survival was doubled for the 
combined-modality series (37). 


e In two randomized RTOG studies comparing several fractionation schedules and total doses of radiation (20 Gy in 
5 fractions to 40 Gy in 20 fractions), improvement in neurologic function, duration of improvement, time to 
progression, and survival were the same in the various groups (5). 


Radiation Therapy Techniques 


° For radiation therapy, opposed fields covering all cranial contents that flash the calvarium and extend inferiorly, 
stopping at a border delineated by the supraorbital ridge to the mastoid, can easily be used in a cooperative 
patient. 


e If the lesion is in the inferior portion of the frontal or temporal lobe, the portal must descend to the infraorbital ridge 
and the external auditory meatus (Fig. 63-1). A lens block or a fixed shield defining the skull base may be 
considered in this case. 


e Patients who respond to 20 Gy in 4 or 5 fractions or 30 Gy in 10 to 12 fractions and have a recurrence can be 
treated again with 25 Gy in 10 fractions. 


° Radiosurgery can easily treat subcortical and deep lesions, as well as those in areas of serious neurologic deficit 
(sensorimotor, language, and visual cortex; hypothalamus and thalamus; internal capsule; brainstem; cerebellar 
peduncles; deep cerebellar nuclei). 


e The region of dose description has not been standardized. The 50% isodose line is the prescription line for the 
gamma knife (cobalt 60), but the 80% isodose line is used for the linear accelerator. A frequently prescribed single 
dose is 20 to 30 Gy. 


e |n 1,281 patients from ten institutions treated by radiosurgery, the dose varied by a factor of 2 (16 to 29 Gy), but 
the percentage control was similar (approximately 90%) (13). 


e Cancer of the breast is the most common primary site to metastasize to the orbit or choroid, causing proptosis and 
diplopia. If the orbital metastasis is solitary or the recurrence-free interval is greater than 3 years, a dose higher 
than 30 Gy given over an interval greater than 2 weeks may be indicated. The base of the skull must be evaluated 
carefully for associated lesions. 


Fig. 63-1: Metastases in the inferior aspects of the temporal and frontal lobes require that the inferior 
border of the portal be at the line drawn from the inferior orbital ridge to the mastoid tip. A lens or orbital 
block should be used. (From Kagan AR. Palliation of brain and spinal cord metastases. In: Perez CA, 
Brady LW, eds. Principles and practice of radiation oncology, 3rd ed. Philadelphia: Lippincott-Raven, 
1998:2187-2198, with permission.) 


Spinal Cord Compression 


Natural History 


e Of 100 patients with spinal cord compression, the radiation oncologist will complete 
treatment on 60; 20 patients will progress during irradiation, and 20 will not be 
referred either because of paraplegia with sphincter paralysis or early death (34). 


Prognostic Factors 


e The most important prognostic factor is ambulation (1). Patients who are ambulatory 
after treatment have a median survival of 8 to 9 months, whereas median survival is 1 
month for nonambulatory patients. 


Clinical Presentation 


e Most patients who present with metastatic spinal cord compression have endured 
back pain for weeks. 

e The most common site for cord compression is the thoracic spine. 

e In 610 patients with small cell lung cancer, bony metastases were associated with 
less than 5% of patients with clinical cord compression (9). 


Diagnostic Workup 


e Magnetic resonance imaging is the most informative study in the evaluation of 
suspected metastasis to the epidural space. If it is a first metastatic lesion, histologic 
confirmation should be obtained, unless medically contraindicated. 


General Management 


e The standard of practice in the past was to perform emergency decompressive 
surgery and then deliver postoperative irradiation. 

e Because radiation therapy without surgery is as successful as irradiation plus surgery 
in ambulatory patients or paretic patients who respond to steroids, surgery can be 
avoided in some cases. However, an operative procedure must be considered for 
fracture-dislocation, acute-onset paraplegia, radioresistant lesions, or absence of 
steroid response, if there is no histologic proof of metastatic cancer (18). 

e A starting dose of 20 mg of dexamethasone, i.v. or p.o., followed by 4 mg q.i.d. 
relieves pain and improves neurologic symptoms in most patients. 


Radiation Therapy Techniques 


e The tumor dose is usually calculated at 5 to 6 cm in the cervicothoracic region and 8 

to 10 cm in the lumbosacral area. 

The most common technique is to apply a posterior field using 4- to 6-MV photons. 

Opposed fields may be preferred as the treatment volume approaches the midline. 

Lateral fields have been advocated for the cervical spine to spare the oropharynx. 

No difference was found in response rates between 30 Gy in 10 fractions and 12 to 

15 Gy in 3 fractions followed by an additional 18 to 30 Gy in 6 to 15 fractions for a 

total dose of 40 to 45 Gy (20). 

e There was no difference in outcome for 8 Gy in 1 fraction in 48 sites, 20 Gy in 4 
fractions in 7 sites, 20 Gy in 5 fractions in 15 sites, 30 Gy in 10 fractions in 20 sites, 
and 40 Gy in 20 fractions in 20 sites (36). 


Bone Metastases 


e The combination of bone destruction and tumor growth causes the complications of 
bone metastases. 

e Pain and impaired mobility occur in 65% to 75% of patients (4). 

e Bone metastasis is the second most common cause of pathologic fractures after 
osteoporosis. 

e The criteria for impending fracture and indications for prophylactic internal fixation for 
weight-bearing long bones are as follows: (a) lesions involving 50% or more of the 


diaphysis; (b) lesions destroying 50% or more of the cortex; (c) lesions greater than 
2.5 cm in the femoral neck or intertrochanteric region; (d) lytic permeative lesions 
located in other high-stress areas; (e) involvement of the lesser trochanter or the 
subtrochanteric or supracondylar regions; or (f) inadequate pain relief despite 
adequate external-beam irradiation (33). Prophylactic internal fixation is of great 
benefit to patients fulfilling these criteria if the expected survival is at least 6 weeks. 

e External-beam irradiation produces some healing and reossification in 65% to 85% of 
lytic lesions in unfractured bone (4). 

e Recovery of peripheral blood cell counts after irradiation occurs much more rapidly 
than regeneration of bone marrow due to compensation by the unirradiated marrow. 
Bone marrow regeneration is influenced by patient age, duration after irradiation, 
irradiation volume and dose, and sequencing of chemotherapy. 

e Life expectancy of patients with bone metastases varies widely; for example, with 
prostate metastases, it is 29.3 months; with breast metastases, 22.6 months; with 
renal metastases, 11.8 months; and with lung metastases, only 3.6 months (11). 

e Every patient with bone metastasis deserves supportive care with special attention to 
the following: appropriate external supports such as braces and walkers, adequate 
analgesics, and antiosteoclastic agents such as bisphosphonates to combat excess 
activity of osteoclasts. 


Radiation Therapy 


e Local-field irradiation yields a pain relief rate of 80% to 90% (24,27), but patients 
frequently need retreatment for newly apparent separate lesions and for recurring 
symptoms at the same site. 

e = Half-body irradiation with a moderate single dose (6 to 8 Gy) has been used in some 
centers for patients with a short life expectancy who have multiple symptomatic 
metastases (30). 

e The two forms of systemic radiation therapy are wide-field radiation therapy (WFRT) 
and radionuclide therapy. Both can be used as either primary palliative therapy or as 
an adjuvant to local-field irradiation. 

e In 100 consecutive patients with pain from bone metastases, 80% had more than one 
site of pain and 34% had four or more sites of pain (24); this suggests that systemic 
irradiation (WFRT or isotope therapy) has an important role in the treatment of bone 
metastases. 

e The primary factors for consideration of alternatives of treatment are listed in the 
decision trees in Figures 63-2 and 63-3. 

e Use of shaped fields to protect uninvolved tissues and to prevent falloff on the skin, 
especially in the perineum, is strongly recommended, as well as suitable energy 
beams directed to ensure the prescribed dose to the known tumor (25). 
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Fig. 63-2: Decision tree for patients not requiring surgery. Note the discrepancy between life expectancy of less than 3 
months and more than 6 months. It is often difficult to predict life expectancy; some patients predicted to live less than 
3 months will live 4 or 5 months, but few live longer than 6 months. This division may serve better and is recommended 
with full recognition of this apparent inconsistency. In all patients, care must be exercised not to exceed the tolerance 
of lung, spinal cord, or other vital structures. 
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Fig. 63-3: Decision tree for patients urgently needing surgery. Not all patients are candidates for surgery and may not 
have its benefits. In patients who have surgery and do well with long life expectancy, consideration of use of wide-field 
irradiation after healing of the surgical defects may be considered. In all patients, care must be exercised not to exceed 
the tolerance of lung, spinal cord, or other vital structures. 


Radionuclide Therapy 


e Primary radionuclide therapy is most suitable for patients with multiple blastic, painful 
bone metastases who have exhausted treatment with external-beam irradiation (21). 

e Radionuclide therapy is contraindicated as sole treatment in patients with fractures 
(or impending fractures) or spinal cord or nerve root compression. It is also 
contraindicated for index lesions with inadequate uptake on bone scan, lesions with 
an extraosseous component or large areas of bone destruction, and tumor mass such 
that tumor cells may be more than a few millimeters from the radioactivity in new 
bone (2). 

e Patients with inadequate hemogram, poor renal or hepatic function, life expectancy of 
less than 6 weeks, or urinary incontinence are not appropriate candidates. 

e The beta particles released from phosphorus 32 (°P) (1.71 MeV maximum, 0.69 MeV 
average) and strontium 89 (°Sr) (1.46 MeV maximum, 0.58 MeV average) are of 
higher energy than those released from samarium 153 ('°°Sm) (0.81 MeV maximum, 
0.29 MeV average). The tissue penetration in bone for each isotope varies (sr, 3 to 
4 mm; '°°Sm, 1.7 mm). Because of excess myelosuppression, °*P is rarely used in 
the United States for bone-pain palliation. 

e The half-life of these isotopes is as follows: °°Sr, 50.6 days; °°P, 14.3 days; and 
153Sm, 1.9 days. The shorter half-life of the samarium isotope is associated with 
higher rates of dose delivery; approximately 75% of the beta emission is delivered 
over 3.9 days. 

e Because calcium competes with 89Sr for bone uptake, patients should not have 
hypercalcemia (29), and calcium-containing drugs should be discontinued for at least 
2 weeks before treatment (15,17). 

e Using the selection criteria of more than one painful site, leukocyte count of 3,000 per 
mm, platelet count of 60,000 per mm’, life expectancy of 3 months, and no change in 
systemic therapy in the preceding 30 days, Katin et al. (15) indicated that 20% of 
prostate cancer patients with bone metastases and 6% to 13% of breast cancer 
patients qualified for °°Sr therapy. 

e Complete relief rates using 8°Sr to treat bone metastases range from 0% to 43% (8), 
and response rates range from 37% to 91% (6). Onset of pain relief occurs at 10 to 
20 days; maximum relief requires up to 6 weeks. Median duration of pain relief is 12 
weeks. Pain flare occurs in 10% to 20% of patients and usually lasts 2 to 4 days (17). 

e The main toxicity of °°Sr is myelosuppression, with decrease in platelet and leukocyte 
counts of 30% to 40% at nadir (4 to 8 weeks after injection) (26). 

e High-dose, shaped-field fractionated WFRT appears to give the best results; WFRT 
adjuvant therapy is better than 8S adjuvant to local-field therapy. Either is superior to 
local-field therapy alone for these patients. 

° 153Sm-ethylenediaminetetramethylenephosphonate (EDTMP) is identical in uptake 
and appearance to traditional technetium 99m methylene diphosphonate bone scans. 
Therefore, '°’Sm-EDTMP can be used as an imaging agent to document the 
progression or regression of bony metastasis. 

e For '°°Sm-EDTMP, three prospective randomized placebo-controlled phase III trials 
have been performed examining palliation of bone pain for patients with bone 
metastases. Serafini et al. (32) reported that patients with painful bone metastases 
(prostate, breast, lung, and others) were randomized as follows: 36 were treated with 
a placebo, 36 with 0.5 mCi per kg of '*°Sm, and 35 with 1 mCi per kg of ™°Sm. 

e The 1.0 mCi per kg dose of '*°Sm-EDTMP was associated with a statistically 
significant reduction in pain beginning 1 week after injection. In the "°8Sm-EDTMP 
treated group, 72% experienced some pain relief, compared with 43% in the placebo 
group. Adverse events were similar between the two treatment groups except for mild 
decreases in platelet and white blood cell counts in the *°Sm-EDTMP group (31). 


Visceral Metastases 
Airway Obstruction 


e Keeping the bronchus open with intraluminal irradiation (15 to 20 Gy at 1 cm from the 
source) is equivalent in effectiveness to protracted high-dose external-beam 
irradiation (1). 

e External-beam irradiation in two 8.5-Gy fractions 1 week apart or a single fraction of 
10 Gy (volume not specified) palliates 50% of the symptoms of cough, hemoptysis, 
chest pain, and anorexia (3). Similar results are received with the delivery of 10 
fractions and delivery of 2 fractions (22). 


e Inthe emergent condition of total atelectasis of one lung, beginning irradiation within 
2 weeks of the onset of atelectasis results in a higher probability of reexpansion (28). 


Superior Vena Cava Obsiruction 


e Although most patients with superior vena cava syndrome have lung cancer, a 
histologic diagnosis is important to rule in the more successfully treated cancers, e.g., 
small cell lung cancer, lymphoma, and, rarely, germ cell tumors, as well as benign 
causes (10). 

e The syndrome improves in over 70% of patients because the low-pressure venous 
system initiates an extensive collateral circulation (31). 

e Thrombosis of the superior vena cava is common, but death from the syndrome is 
unusual unless there is a complicating factor, such as cerebral metastasis or tracheal 
obstruction. 

e Diagnosis is most often made by percutaneous fine-needle aspiration of the mass 
under CT guidance or transcranial biopsy at flexible bronchoscopy with a Wang 
needle. 

e Elevation of the head of the bed and diuretics, often accompanied by steroids, is the 
early treatment. 

e Conventional irradiation or large daily doses produce similar results; 75% of patients 
improve symptomatically. 

e When a patient's condition is stable, irradiation can begin, in the supine position in 
most patients. 

e The mediastinum is treated with doses ranging from 30 Gy in 3-Gy fractions to 50 Gy 
in 2.5-Gy fractions. 


Liver Metastasis 


e Selected patients irradiated for liver metastasis have a median survival of 4 months 
(12). 

e Inarandomized RTOG study, 187 evaluable patients were treated with 21 Gy in 7 
fractions (19). Median survival was 4.2 months, with a response rate of 80%. CT scan 
assessment of 164 patients demonstrated a complete response in one patient. 
Radiation-induced hepatitis was not observed. Misonidazole did not improve survival. 

e A dose of 28 to 30 Gy in 2-Gy fractions to the entire liver is generally well tolerated. 


Gynecologic Bleeding 


e Ferric subsulfate (Monsel's solution) applied directly to the site is usually sufficient to 
stop the bleeding. Monsel's solution is highly caustic to mucosa and can cause 
vaginal slough and even a urethral fistula if used indiscriminately or if soaked in 
gauze packing; application of the paste on a swab is preferred (14). 

e = Intracavitary implant can be performed using appropriate applicators for tumors in the 
uterine cavity, cervix, and vagina. 
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Introduction 


e Pain control in patients with cancer is a significant activity in radiation oncology 
practice. Analgesics, nonsteroidal antiinflammatory agents, and opioids are frequently 
used, depending on the severity of pain (Fig. 64-1). 

e Antineoplastic therapy is the best treatment for cancer pain; however, comprehensive 
cancer pain management should include both treatment of disease and 
administration of analgesics that effectively control pain. 

e Anesthetic and neurosurgical approaches to pain management, including nerve 
blocks, epidural or intrathecal catheter placement, and electronic devices, should be 
considered in patients with intractable pain. 


View Figure 


Fig. 64-1: World Health Organization three-step analgesic ladder. (From World Health Organization. 
Cancer pain relief, 2nd ed. Geneva, Switzerland: World Health Organization, 1996, with permission.) 


Assessment and Analgesic Therapy of Cancer Pain 


e Optimal management of cancer pain requires a clear history detailing factors related 
to the pain, a thorough physical and neurologic examination, and diagnostic studies 
targeted to determine its etiology. 

e The history also should include evaluation of the response to analgesics, including 
time to onset of peak effect, duration of action, and side effects. 

e Objective parameters of acute pain are often absent. 

e Diagnostic studies should be performed to help direct therapeutic intervention 
because pain frequently is the first indicator of disease progression (8). 

e Cancer pain can be divided into somatic/visceral pain and neuropathic pain; these 
two types differ in etiology, symptoms, and response to analgesics and palliative 
irradiation (11,14). 

e Somatic or visceral pain arises from direct stimulation of afferent nerves due to tumor 
infiltration of skin, soft tissue, or viscera. 

e Visceral pain tends to be poorly localized and is often referred to a dermatome 
remote from the source of pain. 

e Common causes of somatic pain include bone metastases, liver metastases that 
result in capsular distention, biliary, bowel, or ureteral obstruction, and distention of 
normal skin or soft tissue structures from an expanding tumor mass. 

e Neuropathic pain develops after injury to or chronic compression of peripheral nerves. 
Common causes of neuropathic pain include tumor invasion of a nerve plexus, spinal 
nerve root compression, herpes zoster infection, or surgical interruption of intercostal 
nerves (thoracotomy or mastectomy) (23). 


e Neuropathic pain is described as sharp, burning, or shooting and is often associated 
with paresthesias and dysesthesias. Response to conventional analgesics is usually 
poor, but antidepressant or anticonvulsant medications may be helpful. 

e Radiation therapy is one of the most effective therapeutic options (and often the only 
one) to relieve pain caused by bone metastases, nerve compression, or infiltration by 
a malignant tumor. 

e In patients with a reasonable survival expectation, neuropathic pain can often be best 
relieved by high-dose, extended-course irradiation, taking into account the tolerance 
of the spinal cord and brachial plexus. 


Pharmacologic Principles 


e Pharmacologic principles for cancer pain management include an understanding of 
the metabolism, duration of action, and mechanism of action for nonopioid and opioid 
analgesics and coanalgesics. 

e Nonopioid analgesics, such as nonsteroidal antiinflammatory agents, generally are 
used for mild pain or to complement opioid analgesics in treating severe pain. 

e Opioid analgesics, which include codeine phosphate, oxycodone hydrochloride, and 
morphine sulfate, are used to treat moderate to severe pain. 

e Coanalgesics such as amitriptyline hydrochloride and corticosteroids act as an 
adjuvant to opioid analgesics (12,18,20). 

e Dose schedules for various pain control agents are summarized in Table 64-1. 


Physical Dependence, Tolerance, and Addiction 


e The choice of an analgesic drug must be individualized. Too often this choice is 
influenced by unfounded fears of the patient and physician about tolerance, addiction, 
and respiratory depression, rather than the level of pain experienced. 

e There is essentially no risk for addiction. 

e With long-term use of analgesics, there is no apparent effect on intellectual function, 
no definable deterioration in personality, and no metabolic derangements. 


Analgesic Side Effects 


e The most common side effects of analgesics are constipation and nausea, which 
should be anticipated and treated prophylactically. 

e Opioid-related nausea can be treated by either using an alternative narcotic analgesic 
or administering an antiemetic such as prochlorperazine (Compazine), 
metoclopramide (Reglan), haloperidol (Haldol), or ondansetron (Zofran) in 
combination with the analgesic (5). 

e Constipation can be prevented with cathartics and stool softeners (e.g., Senokot S, 
Colace, Peri-Colace, Dulcolax). Occasionally an osmotic agent, such as lactulose, is 
necessary. 

e Laxatives should be used only to relieve constipation (5,24). 

e Sedation is a common complaint in opioid-naive patients and often is a function of 
chronic fatigue once the pain is relieved. 

e |f sedation is a continuing problem, reducing the individual dose, increasing the dose 
frequency, administering lower doses of shorter-acting drugs, or using a continuous 
opioid infusion may be helpful to achieve sustained pain relief without excessive 
sedation. 

e Occasionally, a psychostimulant, such as methylphenidate hydrochloride (Ritalin), 
may be helpful in overcoming chronic sedation; however, this class of drugs must be 
used cautiously in the elderly or in patients with underlying cardiovascular disease 
(5). 

e Respiratory depression is uncommon in patients taking opioid analgesics because 
pain acts as a stimulant, and tolerance quickly develops to the effects of respiratory 
depression (2,16). 


e Itis inappropriate to administer a bolus injection of naloxone hydrochloride (Narcan) 
in patients who receive chronic opioid therapy because it will precipitate symptoms of 
withdrawal. 

e Opioid overdose does not occur if the patient is easily arousable. 

e The most common cause of respiratory depression is rapid escalation of the opioid 
dose to maintain adequate analgesia. If opioid overdose is the cause, observation 
alone without further analgesic administration is warranted, assuming ventilation is 
stable. 

e |f hypoventilation is observed, 0.4 mg of naloxone, diluted in 10 cc of normal saline 
and administered in 0.5-cc boluses every 2 minutes, will reverse the respiratory 
depression and prevent symptoms of withdrawal (16). 

e Impairment of psychomotor performance with the prescription of opioid analgesics is 
limited. 


Duration of Action 


e Short-acting analgesics generally provide analgesia over a 3- to 4-hour period. 

e For short-acting analgesics to be effective in unremitting pain, they must be 
administered around the clock every 3 to 4 hours to avoid recurrence of pain. 

e Long-acting analgesics can be administered every 8 to 12 hours (12,18,20). 

e |f pain is present continuously, long-acting preparations should be administered to 
minimize the number of pills required and allow the patient to sleep without 
interruption (10). 


Types of Analgesics 


e The three basic classes of analgesics are nonnarcotic analgesics, opioids, and 
adjuvant analgesics. 

e Nonnarcotic analgesics vary in their roles as analgesic, antiinflammatory, and 
antipyretic agents; aspirin is the prototype of the group, as well as the most 
commonly used agent. 

e Nonnarcotic analgesics should be used judiciously because they may produce 
significant adverse effects that can result in serious and potentially fatal 
complications, including gastrointestinal hemorrhage, masking of fever in an 
immunocompromised patient, and platelet dysfunction (5,12,18,20). 

e Opioid analgesics are the most useful for management of moderate-to-severe acute 
and chronic pain in cancer patients. 

e Codeine is considerably less potent than morphine, but has a similar distribution of 
action. 

e Oxycodone (Roxicodone) is similar to morphine in potency and duration of action. 
Like codeine, it is usually administered as a fixed-dose combination product with 
aspirin or acetaminophen (e.g., Percodan, Roxiprin, Tylox, Percocet, Roxicet), which 
limits the dose of oxycodone that can be administered daily. A sustained-released 
form of oxycodone alone is an option for patients who tolerate morphine poorly. 

e Morphine represents the standard by which the effects of all other analgesics are 
measured (5,2,18,20). Morphine is still the drug of choice for severe cancer pain. 

e Hydromorphone hydrochloride (Dilaudid) is similar to morphine but is significantly 
more potent. Hydromorphone is versatile and can be administered by the oral, rectal, 
parenteral, and intraspinal routes. Parenteral administration can be either intravenous 
or subcutaneous, achieving the same levels of analgesia, because hydromorphone is 
highly soluble. A sustained-release form is available (3). 

e Oxymorphone hydrochloride is a potent derivative of morphine that has a short half- 
life and results in less histamine release than morphine. 

e Fentanyl (Sublimaze, Duragesic) is a very potent short-acting opioid used primarily as 
an anesthetic. One-tenth milligram of intravenous fentanyl is equivalent to 10 mg of 
parenteral morphine and provides analgesia for 30 to 60 minutes. It is available in a 
sustained-release transdermal delivery system (Duragesic) and as an oral lozenge 
(21,26). The transdermal system, with a half-life of 22 hours, is especially useful in 


patients unable to take oral analgesics (21), and is changed every 2 to 3 days. There 
is also a 10- to 15-hour latent time before the analgesic becomes effective when the 
first fentanyl transdermal patch is placed, so the patient must continue oral analgesics 
for the initial 12 hours of patch use. The oral fentanyl lozenge is useful for 
breakthrough pain because the analgesic is rapidly absorbed through the oral 
mucosa (5,12,18,20). 

e Analgesic agents not generally recommended for use in cancer pain management 
include meperidine hydrochloride, methadone hydrochloride and its derivatives, and 
levorphanol tartrate because of a short analgesic effect and accumulation of 
metabolites that have long half-lives and can cause significant toxicities. 

e Meperidine (Demerol) is not recommended for chronic cancer pain because it has a 
2- to 3-hour duration of analgesic effect. Repeated administration may lead to central 
nervous system toxicity (tremor, confusion, or seizures) due to accumulation of the 
long-lived metabolite normeperidine; this is especially a problem in patients with 
impaired renal function. In addition, meperidine is often administered as an 
intramuscular injection, an unnecessarily painful method of drug delivery for patients 
needing repeated analgesic dosing. 

e Levorphanol (Levo-Dromoran) has a 12- to 16-hour half-life and is five times more 
potent than morphine; however, the duration of analgesia is only 4 to 6 hours. 
Significant toxicities may occur, especially in elderly patients or those with renal or 
hepatic dysfunction. 

e Propoxyphene (Darvon) is considerably less potent than morphine, but has a similar 
duration of action. It is usually administered as a fixed-dose combination product with 
aspirin or acetaminophen (Darvon Compound, Darvocet, Wygesic). Propoxyphene 
and its metabolite norpropoxyphene can accumulate with repeated dosing, leading to 
central nervous system and cardiac toxicity. 

e Methadone has about the same duration of analgesic effect as morphine, but its 
effects are longer acting (4 to 8 hours) when given in regular doses. With repeated 
administration, the duration of other pharmacologic effects, including respiratory 
depression and sedation, can last much longer (12 to 30 hours). Methadone and 
cogeners also have the potential for significant toxicities and should be administered 
only by those experienced with their use. 

e The accumulation of these drugs may be a particular problem in the elderly or in 
those with renal or hepatic dysfunction. Furthermore, the long half-lives of these 
drugs make rapid dose adjustments impractical because dosages should not be 
increased more frequently than every 2 to 3 days (5,12,18,20). 


Adjuvant Analgesics 


e Adjuvant analgesics or "coanalgesics" are prescribed to increase the analgesic 
effects of prescribed narcotics (either additively or synergistically) or to counteract the 
side effects of narcotic analgesics; they can also potentiate narcotic analgesic effects 
(5,12,18,20). 

e Stimulants may be helpful to control refractory opioid-related sedation. 
Dextroamphetamine sulfate (Dexedrine) and methylphenidate (Ritalin) commonly are 
prescribed, but they should be given only in the morning so as not to interfere with 
sleep. 

e Glucocorticoids are useful in cases of tumor infiltration into nerve or bone. Dose 
recommendations are empiric, in the range of 2 to 16 mg of dexamethasone per day 
or 10 to 80 mg of prednisone per day. 

e Low doses of steroids often are effective in treating symptoms, while a short course 
of high-dose (100 mg) dexamethasone, followed by 96 mg per day every 4 hours, is 
effective in managing an acute episode of neuropathic pain (as in spinal cord 
compression). 

e Exacerbation of pain during steroid withdrawal may occur, independent of disease 
progression (5). 

e Anumber of agents potentiate the effects of opioid analgesics in the treatment of 
neuropathic pain, including antidepressants, anticonvulsants, and anesthetics 


(5,12,18,20). 


Most clinical experience is with amitriptyline (Elavil), but other tricyclic 
antidepressants are commonly used and may have fewer anticholinergic effects. 
Desipramine hydrochloride and nortriptyline hydrochloride generally produce less 
sedation and orthostatic hypotension than amitriptyline (4,25). 

Anticonvulsants such as carbamazepine (Tegretol) and phenytoin (Dilantin) are 
useful for neuropathic pain because they suppress neuronal firing. Increases in dose 
should be done in accordance with plasma levels and toxicity. Side effects of 
phenytoin may include ataxia, skin rash, and liver function abnormalities, whereas 
side effects of carbamazepine may include bone marrow depression (including fatal 
aplastic anemia) and neurologic abnormalities such as vertigo, confusion, or sedation 
(5,12,20). 

Anesthetics such as mixelitine and ketamine are particularly useful in neuropathic 
pain; however, patients with underlying heart disease may require cardiac monitoring 
when the drug is started. Administered parenterally, ketamine provides profound relief 
from neuropathic pain when used as a coanalgesic with morphine infusion (5—7,17). 


Table 64-1: Classes of agents used in cancer pain control 


Commonly used drugs Usual doses (adults) 
Group l: nonnarcotic analgesics (nonsteroidal antiinflammatory drugs) 
Acetylsalicylic acid 650 mg q4h p.o. 

Acetaminophen 650 mg q4h p.o. 

Naproxen 250-275 mg q6-8h p.o. 

Ibuprofen 400-600 mg q6h p.o. 

Ketoprofen 25-60 mg q6-8h p.o. 

Ketorolac 10 mg q4—6h to a maximum of 40 mg/day 


Group II: narcotic agonist and antagonist drugs 
Narcotic agonists 
Morphine and cogeners 


Morphine 30 mg q3—4h° 
Controlled-release morphine 30-120 mg q12h? 
Hydromorphone 7.5 mg q3-4h? 
Codeine 180-200 mg q3—4h? 
Oxycodone 30 mg q3—4h? 
Hydrocodone 30 mg q3-4h? 
Levorphanol 4 mg q6-8h° 
Meperidine and cogeners 
Meperidine (Demerol) Not recommended 
Methadone and cogeners 
Propoxyphene (Darvon) Not recommended 
Methadone (Dolophine) 20 mg q6-8h 


Transdermal fentanyl (Duragesic) 25-100 ug/h q3d 
Partial agonists and agonist-antagonist drugs 


Pentazocine Not recommended for chronic dosing in cancer 
patients 

Buprenorphine Not recommended for chronic dosing in cancer 
patients 

Nalbuphine Not recommended for chronic dosing in cancer 


patients 


Butorphanol [Not recommended for chronic dosing in cancer 
patients 


Group Ill: adjuvant analgesic drugs 
Anticonvulsants 


Phenytoin 300-500 mg q.d. p.o. 
Carbamazepine |200-1,600 mg q.d. p.o. 
Phenothiazines | 
Methotrimeprazine 40-80 mg q.d. i.m. in divided doses 
Tricyclic antidepressants | 
| Amitriptyline |25-150 mg/day p.o. 
Doxepin 25—150 mg/day p.o. 
Imipramine 20—100 mg/day p.o. 
Trazodone [75-225 mg/day p.o. 
Steroids 
Dexamethasone 16-96 mg q.d. p.o. 
Prednisone (40-80 mg q.d. p.o. 


Antihistamines 
Hydroxyzine [300-450 mg q.d. i.m. 


‘Stimulants (including 
amphetamines) 


Dextroamphetamine 5-10 mg q.d. p.o. 
Methylphenidate 5-15 mg q.d. p.o. 
Mexiletine 450-600 mg q.d. p.o. 


ĉUsual oral starting dose. 


Modified from Jacox A, Carr DB, Payne R. New clinical practice guidelines for the 
management of pain in patients with cancer. N Engl J Med 1994;330:651-655. 


Surgical Pain Control 


e Neurosurgical techniques include destructive and stimulatory procedures. 

e Classic neurodestructive procedures include dorsal rhizotomy, cordotomy, and 
myelotomy. 

e In experienced hands, pain relief is accomplished in over 80% of patients who 
undergo cordotomy for intractable pain (22), and permanent complications, like 
urinary retention and hemiparesis, occur in fewer than 10% of patients. 

e Intrathecal neurolysis is of benefit in 60% of patients with a limited life expectancy 
and intractable pain who have experienced benefit from a prior intrathecal block with 
a local anesthetic and have somatic pain localized to two or three dermatomes 
(15,19). 

e Chemical hypophysectomy may be beneficial for certain patients with severe, diffuse 
pain that is unrelieved by other measures. 

e Neurostimulatory procedures include transcutaneous electrical stimulation of 
peripheral nerves and direct implantation of electrodes in peripheral nerves, spinal 
cord, or brain. 


Treatment-Related Pain 


e Primary tumors arising from the breast, prostate, and lung account for over 70% of 
the patients who receive palliative irradiation (13). 

e The challenge to all practicing radiation oncologists is to better evaluate the results of 
palliative therapy and to develop more effective treatment strategies. 

e Management of cancer-related pain is not limited to terminal care; it must also include 
control of pain from treatment-related toxicities and while awaiting response to 
therapy. 

e A distinction is made between palliative treatment (defined as antineoplastic therapy), 
which is administered to reduce the disease burden, and palliative care, which 
provides therapy specific to symptomatic relief and does not necessarily target the 
cancer. The goals of both palliative treatment and palliative care are to relieve 
symptoms, prevent impending problems, improve the quality of life, and possibly to 
extend survival (9). 

e It is essential that the morbidity of treatment not exceed that of the disease. 


Radiation Therapy in Pain Control 
External-Beam Irradiation 


e Inpatients with localized bony or visceral painful metastases, external-beam 
irradiation is frequently a very effective palliative agent. 

e Doses ranging from 10 to 40 Gy have been used in fractions of 2.5 to 10.0 Gy. A 
frequently used dose is 30 Gy in 10 fractions. 

e In patients with bone metastases, pain relief has been reported with both single-dose 
and fractionated schedules. 

e The need for retreatment is higher for patients treated with 8- to 10-Gy single doses 
compared with higher fractionated doses (1). 


Radiopharmaceuticals 


e İn patients with diffuse painful bony metastases, radiopharmaceuticals administered 
intravenously (in addition to or sometimes instead of external-beam irradiation) may 
be very helpful in achieving pain control or preventing progression of metastatic 
lesions on bone scan to painful situations. 

e The two most frequently used radionuclides are samarian 153 (Quadramet, Berlex 
Laboratories) or strontium 89 (Metastron, Amersham Laboratories). In the past, 
phosphorus 32 was used. 

e The physical characteristics and doses of these radiopharmaceuticals are 
summarized in Table 64-2. 


Table 64-2: Radionuclides for treatment of painful bone metastases 


536m 596r 32p 
Particles Bly B B 
Energy (maximum/average) (MeV) /0.81/0.29 1.46/0.58 1.70/0.69 
Physical half-life (days) 1.90 50.6 14.3 
[Dose 1 mCi/kg 4 mCi 5 mCi 
Chemical background Diphosphonate analog (Calcium analog |DNA 
Penetration in tissue (mm) 2to3 4to8 4to8 


From Perez CA, Sartor O, Janjan N, et al. Management of painful bone metastasis with 
emphasis on the use of radiopharmaceuticals. PPRO Updates 2000;1(1):1-22, with 
permission. 
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